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Abstract 
 
The Brazilian Atlantic forest is one of the biodiversity hotspots with the richest species 
diversity and threat. It is located along the Brazilian Atlantic coast going south til Paraguay 
and Argentina in the interior of the continent. Due to its longitudinal and altitudinal 
gradients, complex geology and diversity of soils it harbors an enormous diversity of 
landscapes and ecosystems that gave rise to its rich biodiversity. However, this biodiversity is 
extremely threatened because this region is the one with the highest population size and 
density in south America. So, the Atlantic forest is now limited to less than 5% of its original 
surface and distributed in scattered fragments. Despite the recognized species richness, 
much remains to be known about several components of this biodiversity and their origin. 
Among the groups still poorly known are the insects. In order to contribute to bridge this 
gap, in this thesis I studied one genus of cockroach endemic from the Atlantic forest, 
Monastria Saussure, 1864 (Blaberidae, Blaberinae). I focused on the taxonomy, 
phylogeography and on the contribution of the data existing in natural history collections to 
model the distribution range. The study of the taxonomy consisted in the revision of the 
genus with the re-description of already known species and description of new ones. Since 
the known species were described very early, the description (and re-description) comprised 
the definition of new characters, and consideration paid to genitalia. In addition to that, old 
nomenclatural problems were solved, a key to species’ identification was provided, a key to 
the identification of nymphs of the genera of Blaberinae endemic to the Atlantic forest were 
provided. The second study was aimed to understand the diversification and distribution of 
the genus Monastria in the Brazilian Atlantic Forest. This analysis indicates the importance of 
differential impacts of shifts in temperature between the Southern and Northeastern part of 
the Atlantic forest in the Last Glacial Maximum for explaining the present pattern of 
distribution. The third study is an evaluation of the data concerning Monastria available in 
Natural History Collections for estimating its distribution range based on Ecological Niche 
Models (ENM), and using the data from the field work designed to assess the presence of 
Monastria to validate the results. Here we showed that the dataset is biased in the 
environmental space. This oversampling in a climate class leads to models with suitable 
areas much smaller than that of the real distribution of Monastria. These biases increase 
model’s specificity and reduced sensitivity. To overcome this problem, we designed two 
forms of rarefaction and showed deleting points at random in the most biased climate class 
is very powerful to increase the sensitivity of the ENM.  
 
Keywords: Dictyoptera, Blattaria, taxonomic revision, diversification, distribution, ecological 
niche models, filters, rarefaction, Maxent. 
 
 
 
 
 
 
 
 
 
 
Résumé 
 
La forêt atlantique brésilienne est des points sensibles de biodiversité avec une richesse 
spécifique et des risques d’extinction élevés. Cette forêt est située le long de la côte 
atlantique brésilienne, s’étendant jusqu’au Paraguay vers le Sud et à l’Argentine dans 
l’intérieur des terres. Du fait des gradients longitudinal et altitudinal, de la géologie 
complexe et de la diversité des sols, cette forêt comprend une diversité exceptionnelle de 
paysages et d’écosystèmes qui ont permis à cette riche biodiversité de se déveloper. 
Cependant, cette dernière encourt des risques extrêmes d’extinction du fait des densités et 
des tailles de populations humaines locales les plus élevées en Amérique du Sud. La forêt 
atlantique est ainsi aujourd’hui réduite à moins de 5% de sa surface originelle, répartie dans 
des fragments épars. En dépit de cette richesse spécifique reconnue, beaucoup reste à 
comprendre au sujet de plusieurs composantes de la biodiversité et de leur origine. Parmi 
les groupes encore mal connus figurent en particulier les insectes. Dans le but de combler 
cette lacune, j’ai étudié dans cette thèse un genre de blatte endémique de la forêt 
atlantique, Monastria Saussure, 1864 (Blattodea, Blaberinae). Je me suis focalisé sur sa 
taxonomie, sa phylogéographie et sur la contribution des données de collections d’histoire 
naturelle à la modélisation de l’aire de distribution. L’étude de la taxonomie a consisté à 
entreprendre la révision du genre avec la re-description des espèces espèces déjà connues 
et la description de nouvelles espèces. Les descriptions des espèces connues étaient fort 
anciennes et la description (et redescription) a donc inclus la définition de nouveaux 
caractères, ainsi qu’une étude des genitalia. Des problèmes nomenclaturaux anciens ont été 
également résolus, une clé d’identification des espèces ainsi qu’une clé d’identification des 
larves des genres de Blaberinae endémiques de la forêt atlantique ont été construites. La 
deuxième étude concernait l’analyse de la diversification et de la distribution du genre 
Monastria dans la forêt atlantique brésilienne. Cette analyse a indiqué l’importance des 
impacts différentiels des changements de température durant le dernier maximum glaciaire 
entre les parties Nord et Sud de la forêt atlantique, ceci résultant dans le patron de 
distribution présent. La troisième étude est une évaluation de l’intérêt des données 
disponibles dans les collections d’histoire naturelle concernant Monastria pour inférer son 
aire de répartition en se basant sur des modèles de niches écologiques (ENM), et en utilisant 
les données issues de l’échantillonnage de terrain ciblé sur Monastria pour valider les 
résultats. Nous montrons ici que le lot de données des collections est biaisé dans l’espace 
environmental. Le sur-échantillonnage dans une classe de climat conduit à construire des 
modèles d’aires favorables plus restreints que ceux de la distribution réelle de Monastria. 
Ces biais augmentent donc la spécificité des modèles et réduisent leur sensibilité. Pour 
résoudre ce problème, nous avons conçu deux sortes d’analyse de raréfaction et montré que 
la suppression aléatoire de points dans la classe climatique la plus biaisée augmente de 
manière très efficace la sensibilité du modèle de niche climatique.  
 
Mots-clés: Dictyoptères, Blattaria, revision taxonomique, diversification, distribution, 
modèles de niche écologique, filtres, raréfaction, Maxent. 
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Introduction 
 
Taxonomie, Phylogéographie et Distribution du genre Monastria Saussure, 
1864 (Insectes, Blattodea) dans la forêt atlantique brésilienne 
 
La biodiversité est la résultante d’une longue histoire évolutive (Wilson, 1988), qu’il 
est indispensable de reconstruire si l’on veut comprendre sa structure et son 
fonctionnement. Les points sensibles de la biodiversité (Myers et al., 2000) sont des lieux 
d’étude privilégiés à cet égard. En effet, la richesse et l’endémisme y sont particulièrement 
importants (Kier et al., 2009) et la résultante de l’histoire évolutive y est donc toujours 
localement présente et extrêmement diversifiée (Pellens et al., 2016). Cette extraordinaire 
biodiversité, ayant évolué au moins en grande partie localement, est primordiale pour 
l’étude de l’origine évolutive de la biodiversité, car elle permet de reconstruire in situ des 
processus passés dont les détails ne seront pas trop fortement occultés par des évènements 
tels que les extinctions ou les dispersions, comme c’est souvent le cas dans des zones de plus 
hautes latitudes. 
Les points sensibles de la biodiversité sont cependant d’importance et de 
signification géographiques variées. Certains sont de petites régions ou des systèmes 
insulaires tandis que d’autres sont de grands bassins forestiers continentaux. Chaque point 
sensible a donc ses caractéristiques particulières qui permettent de répondre à des 
questions passablement différentes. Les grands bassins forestiers ont en commun une 
importance géographique certaine, une visibilité et une taille remarquables, et un contenu 
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en biodiversité à la fois ancien et très divers. Ils permettent donc d’étudier des 
problématiques à de larges échelles spatiale, temporelle et taxonomique. 
Il en est ainsi de la forêt atlantique du Brésil, un grand massif forestier tropical et 
subtropical s’étendant sur plus de 3000 km de cote et représentant l’équivalent néotropical 
d’une deuxième Amazonie (Galindo-Leal & Câmara, 2003), avec laquelle il a d’ailleurs une 
histoire en partie partagée (Sobral-Souza et al., 2015). Pendant de longues décennies, ce 
massif forestier est resté infiniment moins étudié que l’Amazonie, si ce n’est à travers les 
nombreux inventaires réalisés concernant la faune et la flore. Les vingt dernières années ont 
cependant vu paraître de nombreux travaux approfondis sur l’histoire de la biodiversité de 
ce massif (par exemple, Costa et al., 2000 ; Cardoso da Silva, 2004 ; Cabanne et al., 2008 ; 
Carnaval & Moritz, 2008 ; Mello Martins, 2011). 
Quelles sont les priorités d’études scientifiques pour ce massif ? En premier lieu, il 
paraît important de déterminer quelles sont les zones d’endémisme : c’est à dire où sont 
actuellement les organismes dont les répartitions géographiques sont limitées et s’il y a 
coïncidence dans les zones d’endémisme pour différents groupes d’organismes. Cette 
coïncidence déterminera le cas échéant d’éventuels centres de diversité. Il faut aussi 
comprendre comment et quand ces zones d’endémisme se sont établies, et ce en relation 
avec l’évolution de l’environnement. L’étude de ces zones d’endémisme en lien avec les 
paramètres environnementaux doit permettre non seulement de comprendre le 
déterminisme de leur limitation géographique actuelle mais aussi de comprendre quels ont 
été les facteurs favorisants ou limitants au cours de l’évolution. Des études récentes ont 
montré qu’une stabilité locale passée des écosystèmes avait permis le maintien d’une plus 
grande diversité biologique et il est important de continuer à documenter la situation dans 
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différents groupes biologiques de manière à montrer si cette tendance reste aussi générale 
qu’elle semble l’être (Carnaval & Moritz, 2008 ; Mello Martins, 2011). 
Les points sensibles sont malheureusement aussi des lieux où les risques actuels 
d’extinction sont rendus particulièrement élevés du fait des activités humaines (Myers et al., 
2000). Il y a donc urgence d’étudier la biodiversité de la forêt atlantique dont subsiste 
actuellement moins de 5% de la surface originelle du début de l’histoire humaine. Seule une 
petite partie de ce massif forestier est donc encore existant et disponible à l’étude et à 
l’échantillonnage (Ribeiro et al., 2009 ; Pellens et al., 2010) (Figure 1). Il est donc important 
de contribuer à ce sujet à la fois sur la base des inventaires antérieurs et des 
échantillonnages présents et en étudiant une diversité d’organismes, en particulier des 
organismes ordinairement considérés comme peu charismatiques et donc souvent moins 
bien connus que les vertébrés ou certains groupes de plantes. 
Il est également important de déterminer à quel point les connaissances 
taxonomiques ou géographiques que nous avons sur de nombreux groupes d’organismes, 
aussi fragmentaires et parcellaires soient-elles, peuvent-elles contribuer dans le futur à 
améliorer notre connaissance générale sur ces zones, bien au-delà de l’étude détaillée de 
quelques groupes d’organismes particulièrement charismatiques (cf. par exemple, Caesar et 
al., 2017). De fait, il nous faut trouver le moyen de prendre en compte toute l’information 
résidente dans les collections, bases de données afférentes et publications taxonomiques. 
L’étude d’un groupe d’Insectes relativement peu médiatisé nous permettra de traiter cette 
question et de déterminer les manières dont les données résidentes dans les collections 
peuvent contribuer aux études sur la biodiversité. 
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Figure 1. Distribution actuelle de la forêt atlantique. (Source: SOS Mata Atlantica, Inpe, 2017) 
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Notre étude se focalise ainsi sur les Insectes Dictyoptères (blattes, mantes, termites ; 
Legendre et al., 2015), un groupe fortement diversifié dans les milieux forestiers au Brésil et 
comportant des genres endémiques de l’ensemble de la forêt atlantique (Grandcolas & 
Pellens, 2012). Plusieurs de ces genres ont en outre fait l’objet d’études écologiques 
détaillées, qui permettent de bien saisir leur insertion dans les écosystèmes locaux (Pellens 
et al., 2002, 2007 ; Pellens & Grandcolas, 2003, 2007). 
Nous nous sommes intéressés au genre Monastria Saussure, 1864 qui est endémique 
de la forêt atlantique. Ce genre comprend des espèces d’assez grande taille, susceptibles 
d’être capturées par des collecteurs occasionnels et comportant donc potentiellement des 
informations intéressantes dans des collections d’histoire naturelle. Leur écologie 
strictement forestière est assez bien connue (Pellens & Grandcolas, 2003, 2007) et doit 
permettre d’interpréter des résultats géographiques obtenus à large échelle. Il n’en reste 
pas moins que leur degré tout relatif de connaissance nécessite des missions de terrain pour 
approfondir l’état de leur taxonomie et de leur répartition. Nous avons donc conduit la 
révision taxonomique du genre et construit une phylogénie moléculaire qui ont eu pour but 
de se nourrir mutuellement. L’histoire évolutive ainsi retracée du genre doit permettre de 
contribuer à l’histoire de la forêt atlantique par comparaison avec les études réalisées sur 
d’autres organismes. Enfin, la comparaison des informations résidentes dans les collections 
d’histoire naturelle avec celles acquises durant quelques années d’échantillonnage de 
terrain doit nous permettre aussi de statuer généralement sur l’intérêt des informations 
disponibles dans les collections et sur les manières dont il est possible de les utiliser malgré 
le caractère non dirigé de leur obtention. 
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La forêt atlantique brésilienne 
La forêt atlantique est l'un des biomes les plus menacés au monde, étant considérée 
comme l'un des 34 hotspots de la biodiversité dans le monde (Myers et al., 2000, 
Mittermeier et al., 2004, 2011). On estime qu'elle contient de 1 à 8% des espèces vivantes 
du monde, dont plus de 20 000 espèces végétales, 680 espèces d'oiseaux, 261 espèces de 
mammifères, 280 espèces d'amphibiens, 200 espèces de reptiles et 8 567 espèces de faune 
et de flore endémique à cette forêt (Myers et al., 2000, Silva & Casteleti, 2003). Le fort 
endémisme et la grande diversité sont principalement liés aux gradients latitudinaux, 
affectant fortement la distribution géographique des organismes (Willig et al., 2003, 
Cancello et al., 2014). Les différences d’altitude, qui varie du niveau de la mer à 2700m dans 
deux chaines de montagnes, la Serra do Mar et la Serra da Mantiqueira, favorisent 
l'existence de gradients altitudinaux importants, avec des forêts qui diffèrent selon la 
distance de la côte atlantique (Silva & Casteleti, 2003; Joly et al., 2014). 
Avec une surface originale estimée à 1,36 million de km2, ce biome recouvrait 17% du 
territoire total brésilien. Distribué depuis le Nord-Est de l'Argentine, l'Est du Paraguay, il 
atteint la côte atlantique du Brésil où il s'étend sur 28 degrés (plus de 3300 km) (Joly et al., 
2014). Dans le Centre-Ouest et le Sud-Est, la forêt atlantique est en contact avec le Cerrado 
et dans le Nord-Est avec la Caatinga (toutes deux étant des formations végétales sèches et 
moins forestières), étant limité par ce que l'on appelle la diagonale sèche (Ab’Saber 1977) 
(Figure. 2). Elle s'étend sur 17 États brésiliens, où se trouve plus de 70% de la population 
brésilienne (SOS Mata Atlantica, 2017) (Figure 2).  
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Figure 2.  Distribution de du biome forêt atlantique dans l’Amerique du Sud (a) ses 
différentes formations végétales (b) et la couverture végétale actuelle (Source: Joly et al., 
2014). 
La forêt atlantique est composée d'un continuum de formations végétales 
différenciées - forêts ombrophiles denses, forêts ombrophiles ouvertes, forêts ombrophiles 
mixtes (forêts d'Araucaria), forêts semi-décidues et forêts décidues (Oliveira Filho & Fontes, 
2000) (Figure 2b). La répartition des pluies est le principal facteur de différenciation entre les 
forêts ombrophiles, semi-décidues et décidues. Les forêts ombrophiles sont distribuées dans 
des endroits sans saison sèche, avec seulement deux mois de faible humidité et les 
températures moyennes varient entre 22 et 25°C. Les forêts semi-décidues et décidues se 
rencontrent dans les régions présentant les mêmes variations de température, mais avec 
deux à cinq mois de saison sèche. Des forêts ombrophiles mixtes, connues comme forêts 
d'Araucaria, distribués dans le Sud et le Sud-Est du Brésil, dans un climat subtropical, avec 
des températures comprises entre 12 et 22°C (Colombo & Joly, 2010). Les différences entre 
les forêts du Nord et du Sud sont directement liées aux combinaisons de température et de 
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précipitations (Scudeller et al., 2001). La différence entre l'Est et l'Ouest est liée aux 
précipitations saisonnières, augmentant avec la distance à l'océan (Joly et al., 2014).  
 La plupart des sols où la forêt atlantique s'est développée est formée par le dépôt de 
sédiments marins et de coulées de lave. Le relief des régions Sud et Sud-Est est formé en 
raison des failles tectoniques et des centres volcaniques de nature alcaline pendant la 
période crétacée (86Ma). Toute cette activité tectonique a donné lieu aux montagnes de la 
Serra do Mar et de la Mantiqueira (Vieira & Gramani, 2015). Ces montagnes sont 
caractérisées par la diversité des formes avec des altitudes allant de 800 à 1300m et des pics 
qui dépassent 2700m. Contrairement au sud, dans le nord-est, le dépôt de sédiments marins 
du Cénozoïque a joué un rôle important dans la formation des sols et les plateaux côtiers, 
appelés « Tabuleiros » (Alkimim, 2015). C’est sur ce sol sédimentaire qui se sont 
développées les forêts de plaine, connues comme la forêt de « Tabuleiros », distribuées dès  
nord de l'état du Espirito Santo jusqu’au Rio Grande do Norte (Silva & Casteleti, 2003). 
 Malgré de nombreuses controverses, la forêt atlantique est considérée comme la 
plus ancienne forêt brésilienne. Elle consiste en un assemblage d'espèces qui ont évolué à 
partir des forêts originelles datant de 100 millions d'années, lorsque l'Amérique du Sud était 
connectée au continent africain (Colombo & Joly, 2010). Les espèces les plus récentes sont le 
résultat d'événements évolutifs liés à plusieurs facteurs, tels que les expansions et les 
rétractions de la forêt, les refuges, et la stabilité du climat au Quaternaire (Behling & Pillar, 
2007; Ledru et al., 2007; Carnaval et al., 2009, Carnaval et al., 2014). Pendant les fluctuations 
du Pléistocène (environ 120 000 ans) plusieurs événements importants ont eu lieu. La 
modélisation des zones forestières stables suggère des rétractions forestières dans le Sud et 
le Sud-Est et des refuges à Bahia et Pernambuco (Carnaval et Moritz 2008, Carnaval et al., 
2009, Carnaval et al., 2014, Mello Martins 2001). Pendant la dernière période glaciaire (∼21 
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kybp), l'impact des phases de climat plus sec était plus important au Sud qu'au Nord (Por, 
1992). Le plus grand impact du climat sur le Sud a déclenché les rétractions de la forêt et a 
permis au Cerrado de s'établir (Behling, 2002). En conséquence, les forêts d'Araucaria se 
sont déplacées à 400 km au Nord de la distribution actuelle dans des forêts semi-décidues 
(Behling et el., 2004). Mais cette situation s'est inversée lorsque la température a augmenté 
dans la période postglaciaire et que les forêts d'Araucaria ont été remplacées par des forêts 
semi-décidues (Ledru et al., 2009). Le nouveau climat dans le Sud a permis la réinstallation 
des forêts mixtes à la place du Cerrado jusqu'à ce que la configuration soit semblable à celle 
d’aujourd’hui (Behling et el., 2004). Un autre scénario à considérer pour expliquer toute la 
diversité concerne l'expansion de la forêt sur le plateau continental dans la période qui va de 
la dernière période interglaciaire jusqu'à la dernière période glaciaire (soit de -120 000 a -
22000 ans) (Caruso et al., 2000; Leite et al., 2016). Pendant la dernière période glaciaire, le 
niveau maximum de la mer a diminué de 150 m (Rabineau et al., 2006). Ceci a amené à une 
expansion de centaines de kilomètres de la côte au Sud et Sud-Est du Brésil, exposant le 
plateau continental brésilien ce qui a été interpreté comme le facteur qui a permis 
l’expansion des forêts dans vastes zones (Leite et al., 2016). Des registres polliniques 
confirment que cette expansion des forêts est trouvée aussi pendant la dernière période 
interglaciaire (Ledru et al. 2009). Une grande partie de cette dynamique d'expansion de la 
forêt a permis une connexion des îles au continent et a ainsi joué un rôle important dans 
l'évolution des habitats côtiers et dans les îles.  
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Taxonomic revision of the genus Monastria Saussure, 1864 (Blattodea: 
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Abstract 
 
The genus Monastria Saussure, 1864 includes medium to large sized (40–55 mm) dark brown 
cockroaches found in the understory of the Neotropical Atlantic Forest. The genus shows 
evident sexual dimorphism: males are elongated and have long elongated wings extending 
beyond the apex of cerci and females are oval and brachypterous. We revised the genus with 
redescription of the three species already known Monastria biguttata (Thunberg, 1826), 
Monastria similis (Serville, 1838) and Monastria angulata Saussure, 1864, and description of 
five new species, Monastria itubera sp. n. and Monastria itabuna sp. n. from state of Bahia, 
Monastria cabocla sp. n. from state of Sergipe, Monastria kaingangue sp. n. from state of 
São Paulo and Monastria sagittata sp. n. from state of Minas Gerais. We provide a 
determination key for distinguishing the genus Monastria Saussure, 1864 from other Atlantic 
genera of Blaberinae and detailed morphological descriptions and diagnoses for the genus and 
for all species; for the first time the male genitalia are described. The juvenile stages of this 
genus are characterized and compared to other genera of Blaberinae of the Atlantic forest. A 
distribution map and an identification key for all species are also provided. 
 
Key Words: Atlantic forest, Monastria, endemic cockroach, male genitalia, juvenile stages, 
distribution range. 
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Resumo 
 
O gênero Monastria Saussure, 1864 inclui baratas de coloração negra com tamanho médio a 
grande (40 - 55 mm) que ocorrem no sub-bosque da floresta Atlântica neotropical. Com 
evidente dimorfismo sexual, os machos são alongados e possuem asas longas que se estendem 
além do ápice dos cercos enquanto as fêmeas são braquípteras e ovais. Este estudo é uma 
revisão do gênero com re-descrição das três espécies conhecidas Monastria biguttata 
(Thunberg, 1826), Monastria similis (Serville, 1838) e Monastria angulata Saussure, 1864 e 
descrição de cinco novas espécies: Monastria itubera sp. n. e Monastria itabuna sp. n. do 
estado da Bahia, Monastria cabocla sp. n. do estado de Sergipe, Monastria kaingangue sp. n.  
do estado de São Paulo e Monastria sagittata sp. n. do estado de Minas Gerais. Nós 
descrevemos detalhadamente a morfologia do gênero e de todas as espécies e pela primeira 
vez, as genitálias masculinas foram descritas. Também pela primeira vez o estágio juvenil 
deste gênero é caracterizado e comparado com os de outros gêneros da radiação de Blaberinae 
da Mata Atlantica. Um mapa de distribuição e uma chave de identificação para todas as 
espécies também são fornecidos. 
 
Introduction 
 
Cockroaches have evolved with diverse continental radiations. One of the most 
conspicuous corresponds to the subfamily Blaberinae distributed in the Neotropical region 
(Grandcolas 1993a,b, 1998b; Pellens & Grandcolas, 2007; Pellens et al. 2007a,b; Grandcolas 
& Pellens, 2012; Legendre et al., 2015). This early-recognized group (McKittrick, 1964; 
Roth, 1970, 2003) has been the subject of several behavioral and ecological studies 
(Grandcolas, 1998). Despite this early recognition, some of its components have been poorly 
studied, such as the genera endemic from the Atlantic forest in Brazil, namely Monastria 
Saussure, 1864, Monachoda Burmeister, 1838, Petasodes Saussure, 1864, Hiereoblatta Rehn, 
1937, and Minablatta Rehn, 1940 (Grandcolas 1993a,b, 1998; Pellens et al. 2007a,b; 
Grandcolas & Pellens, 2012). The genus Monastria Saussure, 1864 is certainly the best 
known amongst them (Pellens & Grandcolas, 2003, 2007). Nevertheless, its taxonomy needs 
a complete revision.  
The genus Monastria was established by Saussure, 1864 in which he included the 
species Monastria biguttata (Thunberg, 1826), Monastria similis (Serville, 1838) and 
described two new species Monastria angulata and Monastria semialata. Walker (1868) 
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included the known species of Monastria in his catalogue, but described a new genus Tarraga 
guttiventris and a new species Blabera nigripennis of cockroaches that were posteriorly 
brought back into Monastria. Kirby (1904) recognized that Monastria semialata (Saussure, 
1864) was a synonym of Monastria cassidea (Eschscholtz, 1822), Blabera nigripennis 
(Walker, 1868) was a synonym of M. biguttata, Monachoda granosa Brunner von Wattenwyl, 
1865 was a synonym of Monastria papillosa. He also incorrectly synonymised Tarraga 
gutiventris to Blaberus giganteus (Linnaeus, 1758). Shelford (1907) in his study on the 
species published by Thunberg incorrectly synonymized Monastria semialata (Saussure, 
1864), Monachoda granosa Brunner von Wattenwyl, 1865 and Phoraspis cassidea (Dalman, 
1823) to Monastria papillosa (Thunberg, 1826). In the same study Blabera monstrosa Stål, 
1855 was considered a synonym of Monastria biguttata (Thunberg, 1826). Kirby (1910) 
published a correction in which Blatta papillosa Thunberg, 1826 was synonymized to 
Monastria cassidea (Eschscholtz, 1822). Rehn (1937) described the genus Hiereoblatta and 
accepted Monastria semialata (Saussure, 1864) as the only synonym of Hiereoblatta cassidea 
(Eschscholtz, 1822). Princis (1946) described Monastria flavomarginata, but in 1951 he 
stated that it was a synonym of Monastria similis (Serville, 1838). Princis (1949) maintained 
Blatta papillosa Thunberg, 1826 as a synonym of Monastria papillosa (Thunberg, 1826). In 
1958, Princis synonymized Tarraga gutiventris Walker, 1868 to M. biguttata (Thunberg, 
1826). In the catalogue published in 1963, Princis included four valid species to the genus: 
Monastria angulata Saussure, 1864; Monastria biguttata (Thunberg, 1826); Monastria 
papillosa (Thunberg, 1826); Monastria similis (Serville, 1838).  
In the present study, we provide a determination key to distinguish the genus 
Monastria Saussure, 1864 from other Blaberinae genera of the Atlantic forest, we revise the 
genus Monastria Saussure, 1864, redescribe three known species, describe five new ones, and 
provide an identification key for all of them. We did not include Monastria papillosa 
(Thunberg, 1826) because it is a non-valid synonym (see Princis, 1949) of Hiereoblatta 
cassidea (Eschscholtz, 1822), incorrectly attributed to Monastria. For the first time the male 
genitalia of specimens of this genus are described and the juvenile stages are characterized 
and compared to juveniles of the other genera endemic from the Atlantic forest. The records 
of occurrence of the specimens analyzed here indicate that the distribution range of the genus 
is much broader than previously known, and confirms the initial hypothesis of an endemism 
to the Neotropical Atlantic forest. 
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Material and Methods 
 
Specimens were measured with a digital caliper and stereoscopic microscope Leica 
MZ12. This microscope is equipped with an eyepiece micrometer scale that allows for 
observations and measurements of interocular and interantennal distance, and of genitalia as 
well. Genitalia were observed after dissection of re-hydrated specimens and treated in cold 
10% KOH to remove remains of soft tissue and rinsed with water. They were kept in glass 
vials with glycerin and pinned under specimens. Sclerites in male genitalia were named 
according to Grandcolas (1996), modified from Grandcolas (1991, 1993b) and abbreviations 
used here are: L1, L2d, R2, R3d, N, R3v, Lb (Lateral Branch), Cs (Crown of spines), Notch 
(Subapical incision) and Clf (Cleft). 
Digital images of habitus, pronotum, head, supra-anal plate and juvenile stages were 
taken with a camera Cannon 6D. The genital sclerites were photographed with a 
stereomicroscope Nikon attached to a camera Cannon 6D in MNHN’s scanning digitization 
laboratory. Images of external morphology and genitalia were combined with the Helicon 
Focus 6.7.1 software and edited in Adobe Photoshop Elements 11. The cuticle of juvenile 
stages of five specimens were critical point dried, coated with gold–palladium and digitally 
photographed using a HITACHI SU3500 scanning electron microscope in MNHN’s electron 
microscopy and microanalysis technical platform.  
The holotypes were deposited in the collection of the Museum of Zoology of the 
University of São Paulo (MZUSP). The material examined are part of the collections of the 
following institutions: Muséum National d’Histoire Naturelle in Paris (MNHN), Muséum 
d’Histoire Naturelle de la Ville de Genève (MHNG), Natural History Museum London 
(NHM), Museu de Zoologia Universidade de São Paulo (MZUSP), Museu Nacional do Rio de 
Janeiro (MNRJ) and Uppsala University Museum of Evolution, Uppsala in Sweden. 
 
Results 
 
Key to the genera of the subfamily Blaberinae endemic from the Neotropical Atlantic 
forest 
 
Adults 
1 Pronotum with lateral margin rounded, without notch or spine..............................................2 
- Pronotum with lateral margin angular, most often with a notch or a spine………….……….3 
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2 Pronotal cuticle smooth; dark brown with two yellow spots; males brachypterous (Fig. 
1C)...………………………………………..……………………….....Minablatta Rehn, 1940  
- Pronotum strongly gibbous; yellow darker in the middle; males brachypterous (Fig. 
1D)………………………………………………………………....... Hiereoblatta Rehn, 1937 
3 Pronotum unicolored (tawny beige); fore margin very abruptly curved upward; central part 
inside which the head is ventrally inserted strongly protruding 
(Fig.1B)……………………………………………...……………...Petasodes Saussure, 1864 
- Pronotum with a more complex coloration; roughly triangular; lateral margin angular most 
often with a notch or a spine.......................................................................................................4 
4 Pronotum smooth, with a very light prominence above the head and a black complex spot in 
the postero-central part and reaching the posterior margin (Fig. 
1E)……………………………………………………...…....... Monachoda Burmeister, 1838 
- Pronotum gibbose, with a complex dark and brightly-colored pattern in the middle (Fig. 
1A)…………………………………………………...……............. Monastria Saussure, 1864 
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Figure 1. Five genera of Blaberinae endemic from the Neotropical Atlantic forest in dorsal 
view. A) Monastria; B) Petasodes; C) Minablatta; D) Hiereoblatta; E) Monachoda. Scales: 
Habitus=1cm. 
 
Juvenile stages  
1 Pronotum hind margin nearly straight……………………………………………………… 2 
- Pronotum hind margin not straight………………………………………………………..… 3 
2 Dorsal surface totally covered by very abundant long thorn-like spines (including pronotum) 
with a row of larger spines at hind margins; supra anal plate bilobed with a deep incision; 
each lobe forming straight angles; hind region wider (Fig. 2E, 
3E)……………………………………………………………...Monachoda Burmeister, 1838 
- Dorsal surface covered by microsculptures formed by triangular spines, except pronotum; 
supra-anal plate bilobed with a very small median incision; fore region wider (Fig. 2C, 3C)... 
………………………………………………………………...……….Minablatta Rehn, 1940 
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3 Ratio between total body length and width 2:1; pronotum strongly gibbous; yellow, darker 
in the middle; dorsal microsculptures very short ending with a seta (Fig. 2D, 
3D)………………………………………………………………........Hiereoblatta Rehn, 1937 
- Ratio between total body length and width 1,7:1; pronotum hind margin forming 120° 
angle……………………………………………………………………………………………4 
4 Very flat, smooth, specially dorsally, with dark spots very visible in the dorsal surface from 
the pronotum to the fore region of the supra-anal plate, dorsal microsculptures very slender, 
making like a row of columns along the hind margins of pronotum and tergites (Fig. 2B, 
3B)...…………………………………………………..…………….Petasodes Saussure, 1864 
4 Not very flat, dorsal surface of pronotum and tergites very rough covered by thorn-like 
cuticular microsculptures much more abundant near the hind margins (Fig. 2A, 
3A)………………………………………………………...…......... Monastria Saussure, 1864 
 
 
 
Figure 2. Juveniles stages of five genera of Blaberinae endemic to the Neotropical Atlantic 
forest in dorsal view. A) Monastria; B) Petasodes; C) Minablatta; D) Hiereoblatta; E) 
Monachoda. Scales: Habitus=1cm. 
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Figure 3. Scanning electron photographs showing the cuticular microsculptures on the dorso 
of juveniles stages. A) Monastria; B) Petasodes; C) Minablatta; D) Hiereoblatta; E) 
Monachoda. Note that the scale differs from among pictures. 
 
Monastria Saussure, 1864 
Monastria Saussure, 1864a: 255, 1864b: 348; Kirby, 1904: 161; Princis, 1958: 75, Princis, 
1963: 141. 
Tarraga Walker, 1868: 16; Princis, 1963: 141 (as syn. of M. biguttata). 
 
Type Species. Monastria biguttata (Thunberg, 1826) = Blatta biguttata Thunberg, 1826 (Fig. 
4). 
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Figure 4. Monastria biguttata, female holotype. Not to scale. 
 
Diagnosis. Dark brown to black or shiny black cockroaches with pronotum having orange or 
ochre spots in the middle. Evident sexual dimorphism with males having long wings 
extending beyond the cerci apex and elongated shape and females brachypterous and oval. 
Male pronotum with a characteristic pentagonal transverse shape, lateral margins with sharp 
angles and a conspicuous small notch. Female pronotum subtriangular with a depression near 
the margins, and lateral margins with conspicuous small notch or spine. Coxae covered by 
setae in males, antero-ventral femora margins with spines of equal size. Apical and genicular 
spines absent. First meta tarsomere of hind leg short and without spines, claws symmetrical 
and simple, small arolia. Apex of sclerite L1 solidly strongly attached to the rest of the sclerite 
without any membrane separating them; almost entirely covered by crown of small, closely 
packed spines, and extending below the apex of posterior margin of sclerite L1. 
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Generic description. Male (Fig. 5). Medium size (40−55 mm). Head subtriangular; eyes 
extending antero-laterally beyond the antennal socket; interocular space narrow at its closest 
distance and smaller than the one between the antennal sockets (0.8−1.8 mm) (Fig. 5C). 
Antennae not surpassing the apex of the tegmina, filiform and setose from the eighth flagellar 
segment. First flagellar segment larger than the pedicel. Maxillary palps with the fifth 
segment more dilated and very tomentose. Pronotum pentagonal with fore margin strongly 
arcuate, hind margin nearly very weakly arcuate, and a specific black coloration pattern in the 
central region (Fig. 5B). Tegmina developed, extending beyond the apex of cerci; marginal 
field short and slightly concave; scapular field tapering toward apex; mid-field discoidal, 
extended apically, slightly angular along veins; subcostal vein with a carina on its ventral 
surface, anal veins reaching the posterior border (Fig. 5A). Wing marginal field narrow, 
subcostal vein reaching basal third of scapular field; cubital vein with numerous complete and 
few incomplete veins; apical triangle absent. Setae in the dorsal region of the three thoracic 
segments and in the first abdominal segment. Fore-femora ventro-anterior margins with 16 
spines of the same size, the last one directed outward near the apex, ventro-posterior margins 
with 3 spines, the last one near the apex. Middle legs ventro-anterior margins of with 3 or 4 
spines, the last one close to the apex. Tarsomeres 1-4 with pulvilli, the pulvillus of the first 
metatarsomere very long, covering more than half of the length of metatarsomere; tarsal claws 
simple and symmetrical; small arolium present. First abdominal tergite unspecialized. Supra-
anal plate with an invagination in the median portion. Cerci short, cylindrical, with different 
coloration in the last segments. Subgenital plate slightly asymmetric. Internally, attached to 
this plate, a membranous pouch with genital sclerites L1 (Figs. 5G, H), L2d (Figs. 5F, I) and 
R (right phallomere) (Figs. 5D, E). Sclerite L1 long and thin with the apical part distinct, quite 
sclerotized and the left branch tooth-shaped; central portion with a small projection and a 
branch on the right side pointing upwards; apical region on a crown of sclerotized spines. 
Sclerite L2d hook-shaped, like in most species of Ectobiidae and Blaberidae. Distal area 
elongated with subapical notch. Hook membranous tube with a sclerotized left lateral area. 
Sclerite R (right phallomere) formed by sclerotized regions R2, R3d, R3v and N. Sclerite R2 
(“cleft”) curved, deep and directed upward. Sclerite R3d wide and elongated longitudinally 
with a dorsal part reduced and a large ventral one in the distal region. Sclerite R3v with a 
flattened shape in ventral view, rounded laterodistal apex, and short caudal branch. 
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Figure 5. Monastria biguttata, ♂: A) Habitus, dorsal view; B) Pronotum, dorsal view; C) 
Head, ventral view; D) Right phallomere, dorsal view; E) Right phallomere, ventral view; F) 
Left phallomere (L2d), ventral view; G) Median sclerite (L1), dorsal view; H) Median sclerite 
(L1), detail; I) Left phallomere (L2d), dorsal view. Scales: Habitus=1cm, Pronotum=5mm, 
Head=2 mm, all others =1 mm. 
 
Female (Figs. 4, 6A–D). Species of medium size (30−45 mm). Head rounded, with wide 
interocular space measuring 1/2 the distance between the antennal sockets (2.0−3.1 mm). 
Eyes reniform with straight interocular margin. Antennae reaching the apex of the tegmina, 
filiform and setose from the eighth flagellar segment. Ocelli developed and deflected. Front 
broad and frontal suture with a cuticular invagination (Fig. 6D). Pronotum subtriangular with 
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anterior region rounded and slightly concave near the margins, dorsal region rough with 
striae, lateral angles rounded ending in a corner, posterior margin slightly curved in the 
median region (Fig. 6B). Brachypterous. Tegmina truncated with a marked curvature towards 
the interior and not extending further than the second abdominal tergite; wings much shorter 
and undeveloped (Fig. 6A). Legs short and robust. Fore femora ventro-anterior margins with 
13 spines of the same size, the last one close to the apex; ventro-posterior margins with 4 
spines, the last one close to the apex. Middle legs ventro-anterior margins with 4 spines, the 
last one close to the apex. Supra-anal plate bilobed with a small median incision, each lobe 
with slightly rounded lateral and straight posterior margin (Fig. 6C). Tergite with slightly 
rounded lateral angles (Fig. 6A). 
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Figure 6. Figs. A-D, Monastria biguttata, ♀: A) Habitus, dorsal view; B) Pronotum, dorsal 
view; C) Supra-anal plate, dorsal view; D) Head, ventral view. Figs. E-H, Monastria similis, 
♀: E) Habitus, dorsal view; F) Pronotum, dorsal view; G) Supra-anal plate, dorsal view; H) 
Head, ventral view. Scales: Habitus=1cm, Pronotum=5mm, Supra-anal plate=5mm, Head=2 
mm. 
25 
 
Juvenile stages. Juveniles of both sexes are oval, almost rectangular with a body length and 
width ratio  1,7:1. Beige to light brown, uniformly colored, the dorsal surface of pronotum 
and tergites is very rough (Fig. 7), covered by thorn-like cuticular microsculptures, often more 
abundant at their hind margins. (Fig. 3A). Head, eyes, antennae, legs, supra-anal and 
subgenital plate very similar to those in adults (Fig. 7E).  
 
 
Figure 7. Male juveniles of Monastria in different stages of development. Scales: 
Habitus=5mm. Note the rough surface covered by particles in all stages. 
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Habitat and Behavior. Specimens of Monastria were observed in a large array of forest 
ecosystems, ranging from semi-deciduous forests at the Northeast to the humid montane 
forests in the central region and the Araucaria forests in the South. All specimens were 
observed and collected in the forest understory on the underside of dead trunks of various 
sizes, as it was described in details for M. biguttata (Pellens & Grandcolas, 2003). Most of 
them were found grasping on the underside of the bark or the wood of dead trunks, 
immediately freezing when disturbed. The body of the juveniles are covered by fine particles 
of the substrate where they are found, which are attached to the tegument structures (Fig. 7). 
Adult males have never been seen flying, even if they look able to do so with their large and 
mobile wings. As any blaberid species, they are ovoviviparous, the females retract the large 
oothecae in the brood sac. Juvenile stages are often observed in groups that remain near each 
other until adulthood. 
 
Key to the species of the genus Monastria 
 
1 Female pronotum with arcuate lateral angles; absence of notch or spines (Fig. 9A, 
B)………………………………………………………….......….M. angulata Saussure, 1864 
- Male and Female pronotum with sharp or rounded lateral angles; with notch or spines….... 2 
2 Female tegmina long, reaching the fifth abdominal tergite; hind margins curved and 
rounded. Male with L1 sclerite with lateral branch curved, rounded and with some small 
spines…………………………………………………………………………………………...3 
- Female tegmina short, not extending further than the fourth abdominal tergite; hind margin 
truncated or with a curvature. Male with L1 sclerite with lateral branch slightly curved 
forward, with the aspect of a big sharp tooth……………………………………………….….4 
3 L1 sclerite with lateral branch curved, rounded and smooth with some small spines; R3d 
sclerite with a clear prominence like a tooth in ventral view (Fig. 14)......M. kaingangue sp. n.   
- L1 sclerite with lateral branch curved and rounded with large spines directed downwards; 
R2 sclerite near the N shorter and forming a straight angle (Fig. 8)..M. similis (Serville, 1838)  
4 Male L1 sclerite with a big lateral dilatation and an edge in the median region. Female 
supra-anal plate with straight posterolateral angles (Fig. 10)……….……......M. cabocla sp. n.  
- Male L1 sclerite without a big lateral dilatation and an edge in the median region. Female 
supra-anal plate with rounded posterolateral angles……………………………………...…....5 
5 L1 sclerite slightly concave region with irregular distal margins with grooves. Female frons 
with a prominence (Fig. 11)………………………………………...….......….M. itubera sp. n.  
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- L1 sclerite without slightly concave region and irregular distal margins with grooves. 
Female frons flat……………………………………………………...……………………......6 
6 L1 sclerite with lateral branch slightly curved with some spines reaching the crown of 
spines at the posterior region (Fig. 13)…………………...………………......M. itabuna sp. n.  
- L1 sclerite without lateral branch with some spines reaching the crown of spines in the 
posterior region…………………………………………………………………...………........7 
7 L1 sclerite with a sharp dorsal protuberance and with a projection in the right side turned 
forward;   L2d sclerite, hook with internal ventral margin concave (Fig. 
5)………………………………………………………...…..... M. biguttata (Thunberg 1826) 
- L1 sclerite with a roughly triangular spear-shaped apical region, hind margin with a large 
non-sclerotized projection. L2d sclerite, hook with internal ventral margin strongly convex 
(Fig. 16)………………………………………………...……………..............M. sagittata sp.n  
 
Species 
 
Monastria biguttata (Thunberg, 1826) 
Male – Figure 5.  
Female – Figures 4; 6A–D. 
 
Blatta biguttata Thunberg, 1826: 276; Scudder, 1868: 13. 
Blaberus biguttata Serville, 1831. 
Monachoda biguttata Burmeister, 1838: 514; Brunner v. W, 1865: 365; Finot, 1897: 207 
Blabera biguttata Serville, 1839: 80.  
Monastria biguttata Saussure, 1864a: 256; Saussure, 1864b: 348; Walker, 1868: 11; Saussure, 
1870: 120; Kirby, 1904: 161; Shelford, 1907-1908: 469; Rehn, 1911: 248, Rehn, 1913: 282, 
Rehn, 1915: 275, Rehn, 1920: 217; Hebard, 1921: 246; Princis, 1949: 66; Princis, 1958: 75, 
Princis, 1963: 141. 
Blabera nigripennis Walker, 1868: 6; Finot, 1897: 210; Princis, 1963: 142 (as syn. of M. 
biguttata). 
Tarraga guttiventris Walker, 1868: 16; Finot, 1897: 213; Princis, 1963: 142 (as syn. of M. 
biguttata). 
Blabera monstrosa Stâl, 1855: 351; Kirby, 1904: 165; Princis, 1963: 142 (as syn. of M. 
biguttata).  
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Blabera mostruosa Sjostedt, 1933: 10; Princis, 1963: 142 (as syn. of M. biguttata, lapsus 
calami). 
 
Examined material. Brazil – Rio de Janeiro: 7♂, 3♀ Niterói. “Parque da Cidade”, 225m, 
22°55’42”S, 43°05’10”W, 500m de la plage du saco de São Francisco, Forêt semp. humide, 
21 IX 2009, R. Pellens & P. Grandcolas rec. (MNHN). 1♂ Angra dos Reis, Ilha Grande, 
“Sentier Abraão/Enseada das Palmas”, 50m, 23°08’34’’S, 44°08’91’’W, 21km E Angra Dos 
Reis, Forêt semp. humide, 07 VIII 2007, R. Pellens & P. Grandcolas rec. (MNHN). 1♂, 1♀ 
Visconde de Mauá, “Apa da Serrinha do Alambari”, 528m, 22°23’16.4”S, 44°29’58.1”W, 26 
XI 2010, R. Pellens & P. Grandcolas rec. (MNHN). 1♂ Montagnes des Orgues, Prov. de Rio 
de Janeiro, Environs de la Tijuca, E. R. Wagner - 1902 (MNHN). 1♂ Floresta da Tijuca, V 
1966, M. Alvarenga col. (MZUSP). 1♀ “Tejuca”, I 1857, coll.  H. Clark (NHM). Espirito 
Santo: 2♂, 3♀ Res de Linhares, “CVRD”, 19°09’10.2”S, 40°11’07.8”W, 19 X 1999, 40km 
NNE Linhares, Forêt semi-décidue, “Mata Alta”, R. Pellens & P. Grandcolas rec. (MNHN). 
1♂ Linhares, Fragment “Sitio São Pedro”, 19°09’14.2”S, 40°11’34.3”W, 11 VII 2005, 40km 
NNE Linhares, Forêt semi-décidue, R. Pellens & P. Grandcolas rec. (MNHN). Santa Teresa, 
Est. Biol. Santa Lucia, 810m, 19°58’18.5”S, 40°32’07.6”W, 6-9 IV 2001, Malaise, ponto 3 
trilha, C. O. Azevedo & equipe col. (MZUSP). Without locality: 3♀ (America Meridionale) 
(MHNG).  2♂, 6♀ (NHM).  
 
Diagnosis. This species is characterized by the presence of two additional cuticular 
depressions in the frons near the clypeus. L1 sclerite with lateral branch slightly curved 
forward, with the aspect of a big sharp tooth, and with spines in the ventral region near the 
crown of spines; a pointy medial region with a projection in the right side turned forward. R2 
sclerite cleft very sclerotized, rounded at the side of N sclerite. N sclerite tiny in the dorsal 
region, and large and globular in the ventral one. R3d slightly curved dorsally and wider and 
straight in ventral view. R3v sclerite with a wide and rounded latero-distal region and a short 
and slightly narrow caudal branch. 
 
Redescription. Male. Head subtriangular, with interocular space measuring approximately 
1/5 of the distance between the antennal sockets. Ocelli developed and slightly deflected. 
Frontal suture with a cuticular invagination. Two additional cuticular depressions in the frons 
near the clypeus (Fig. 5C). Pronotum transverse, pentagonal, dorsal surface rough with striae, 
fore margin rounded, lateral margins with sharp angles and round ends, hind margin nearly 
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straight (Fig. 5B). Legs short and robust. Fore-femora ventro-anterior margins with 16 spines 
of the same size; ventro-posterior margins with 3 spines. Middle-legs ventro-anterior margins 
with 3 or 4 spines. Supra-anal plate quadrangular with setae on the surface, hind margin 
straight and slightly rounded laterally, bilobed with a strong invagination in the median 
portion. Subgenital plate asymmetrical with long styles, funneled in the apical region.  
L1 sclerite with apical region with two distinct parts: a lateral branch slightly curved forward, 
with the aspect of a big sharp tooth, and with spines in the ventral region near the crown of 
spines at the posterior region; another region with a pointy medial protuberance and a 
projection turned forward in the right side (Fig. 5G, H). L2d sclerite hook with a subconical 
and slightly narrow anterior region, a short apical region, and a wide space connecting them. 
Apex internal cavity concave, short lateral-external margin and with a typical sub-apical notch 
(Fig. 5F, I). R2 sclerite cleft very sclerotized, curved inward with the apex directed upward. 
Region at the side of sclerite N rounded (Fig. 5D). Sclerite N tiny in the dorsal region, and 
large and globular in the ventral one. R3d slightly curved dorsally and wider and straight in 
ventral view. R3v sclerite with a wide and rounded latero-distal region and a short and 
slightly narrow caudal branch (Fig. 5D, E). 
 
Female. Head rounded, with wide interocular space measuring 1/2 the distance between the 
antennal sockets. Eyes with straight interocular margin. Ocelli developed and deflected. Front 
broad and frontal suture with a cuticular invagination (Fig. 6D). Pronotum subtriangular with 
anterior region rounded and slightly concave near the margins, dorsal region rough with 
striae, lateral angles rounded ending in a corner, hind margin slightly curved in the median 
region (Fig. 6B). Tegmina with anterior margin slightly triangular; hind margin truncated with 
a marked curvature inside; very short and not extending further than the second abdominal 
tergite (Fig. 6A). Legs short and robust. Fore femora ventro-anterior margins with 13 spines 
of the same size, ventro-posterior margin with 4 spines. Middle legs ventro-anterior margins 
with 4 spines. Supra-anal plate bilobed with a small median incision, each lobe with a slightly 
rounded lateral margin and a straight posterior margin (Fig. 6C). Tergites with slightly 
rounded lateral angles (Fig. 6A). 
 
Measurements (mm). ♂:  Body length 51.70; pronotum length 12.36 × 17.35 maximum 
width; tegmen length 42.55 × 15.90 width; interocular width 1.0; interantennal width between 
sockets 5.5  
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♀: Body length 38.50 ; pronotum length 11.20 × 17.55 maximum width ; tegmen length 10.00 
× 11.25 width; interocular width 2.3; interantennal width between sockets 5.0. 
 
Coloration. ♂: General coloration brown (Fig. 5A). Pronotum dark brown with a anterior 
margin buff brown; central disk pale brown with scattered black marks (Fig. 5B). Head dark 
brown-black; clypeus and labrum amber. Antennae with basal segments brown pigmented and 
apical segments pale brown. Ocelli pale brown (Fig. 5C). Legs and spines dark brown; tarsal 
claws, pulvilli and arolia amber. Tegmina and abdomen following general coloration of body 
but with dark brown tergite and sternites hind margins (Fig. 5A).  
 
Distribution. Brazil (Rio de Janeiro, Espirito Santo). See Fig. 17 for details. 
 
Monastria similis (Serville, 1838) 
Male – Figure 8. 
Female – Figure 6E–H. 
 
Blabera similis Serville, 1839: 81. 
Monastria similis Saussure, 1864a: 256; Walker, 1868: 11; Scudder, 1868: 54; Kirby, 1904: 
161; Princis, 1958: 75, Princis, 1963: 142. 
Monachoda similis Brunner v. W, 1865: 367; Finot, 1897: 207. 
Monastria flavomarginata Princis, 1946: 162, Princis, 1963: 142 (as syn. of M. similis). 
 
Examined material. Brazil – Paraná : 1♀ Aurora do Iguaçu, “Fazenda Dona Iolanda”, 260m, 
25°23’047”S, 54°07’048”W, 20km NE São Miguel do Iguaçu, Fragment=60ha, Forêt semp. 
Humide, 18 XI 2008, Jour, coll. R. Pellens & P. Grandcolas (MNHN). 2♂, 1♀ Foz do Iguaçu, 
“Fazenda John Keller”, 220 m, 25°34’9.14”S, 54°26’7.41”W, 1km Parc National do Iguaçu, 
Forêt semp. humide, 20 XI 2008, R. Pellens & P. Grandcolas rec. (MNHN). Santa Catarina: 
1♂ Blumenau, VI 1919, coll. Luderm? (MZUSP). 3♂, 2♀ Campo Alegre, “Ilha, Fazenda Sr. 
Egon”, 830m, 26°10’29’’S, 49°16’22’’W, 1km Campo Alegre, 14 VIII 2007, Forêt 
d’Araucaria, R. Pellens & P. Grandcolas rec. (MNHN). 1♀ Campo Alegre, “Fazenda Sr. 
Gilson”, 853m, 26°12’6.61”S, 49°18’4.58”W, 5km W Campo Alegre, Forêt d’Araucaria, 15 
VIII 2007, R. Pellens & P. Grandcolas rec. (MNHN). 1♀ Florianopolis,  “Chemin Mirante. 
route Lagoa da Conceiçao”, 295m, 27°35’5.05”S, 48°28’6.08”W, Forêt semp. humide, 01 XII 
2008, R. Pellens & P. Grandcolas rec. (MNHN). 2♀ Joinville, “Alto da Serra Dona 
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Franscisca”, 755m, 26°11’882” S, 49°03’144” W, 35km NW Joinville, Forêt semp. humide, 
III 2007, R. Pellens & P. Grandcolas rec. (MNHN). 1♂ 4♀ Lages, Brunner d. w. (MHNG). 
1♂ 1♀ Rio Capivary, 1888, H. Fruhstorfer (MHNG). Rio Grande do Sul: 2♂ Lhering, 
(MNHG). São Paulo: 1♂ Poa, 13 IV 1963, Rabello col. (MZUSP). 1♂ Salesópolis, “Estação 
biológica de Boracéia, Trilha do poço verde”, 23°38’56.9”S, 45°52’50”W, Malaise, pt1, 17-
28 IV 2003, coll. A.P. Aguiar & F.M. Rodrigues (MZUSP). 1♂ Salesópolis,  “Est. biológica 
de Boracéia”, 850m, (MZUSP). Paraguay: 1♀ Asunción, sept.1922–apl.1923, E.G.Kent, 
B.M. 1925 – 262 (NHM). 1♂, Carlos Pfanni (MHNG) Without locality: 1♂ Brésilien, H. 
Fruhstorfer, 1903 – 321(NHM). 2♀ (NHM). 1♂ (America Meridionale/Colombie?), D. Ruhl 
(MHNG). 1♂ coll. Pantel, co-type (MNHN).  
 
Diagnosis.  This species is characterized by having male L1 sclerite with short, rounded 
lateral branch turned downwards, with strong spines near the crown of spines of the posterior 
region; a wide region slightly concave with a slight curvature ending in a small projection 
towards the front on the right. L2d sclerite  hook with internal cavity strongly concave, 
external lateral margin very near the very narrow sub-apical notch. R2 sclerite cleft with 
lateral at the side of R3 shorter and forming a straight angle. R3 sclerite reduced in the dorsal 
region and a wide and globular ventral surface. R3v small, triangular, with a short and slightly 
quadrangular latero-distal region; caudal branch short with a finger shaped apex. 
 
Redescription. Male. Head subtriangular, with interocular space measuring nearly 1/3 of the 
distance between the antennal sockets. Ocelli developed and slightly deflected. Frontal suture 
with a slight cuticular invagination (Fig. 8C). Pronotum transverse, pentagonal, dorsal surface 
rough with deep striae, anterior margin rounded, lateral margins with sharp angles and round 
ends, hind margin nearly straight (Fig. 8B). Tegmina with orange lateral margins in the first 
half of its length (Fig. 8A). Legs short and robust. Fore-femora ventro-anterior margins with 
21 or 22 spines decreasing in size from basal to apical; ventro-posterior margins with 3 long 
and 2 slightly smaller spines. Middle legs ventro-anterior margins with 10 spines. Supra-anal 
plate quadrangular with setae on the surface, hind margin straight and slightly rounded 
laterally, bilobed with a invagination in the median portion. Subgenital plate asymmetrical 
with long styles, funneled in the apical region. L1 sclerite with apical region with two distinct 
parts: a short, rounded lateral branch turned downwards, with strong spines near the crown of 
spines of the posterior region; a wide region slightly concave with a slight curvature ending in 
a small projection towards the front on the right (Fig. 8H, I).  L2d sclerite hook with anterior 
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region subconical and slightly wide and a short apical region; internal cavity strongly 
concave, external lateral margin very near the very narrow sub-apical notch (Fig. 8F, G). R2 
sclerite cleft curved inwards with the apex very sclerotized and directed upwards, lateral 
region at the side of N shorter and forming a straight angle (Fig. 8D). Sclerite N dorsal region 
reduced, ventral surface wide and globular. R3d slightly curved dorsally and wider and 
straight in ventral view. R3v small, triangular, with a short and slightly quadrangular latero-
distal region; caudal branch short with a finger shaped apex (Fig. 8D, E). 
 
Figure 8. Monastria similis, ♂: A) Habitus, dorsal view; B) Pronotum, dorsal view; C) Head, 
ventral view; D) Right phallomere, dorsal view; E) Right phallomere, ventral view; F) Left 
phallomere (L2d), ventral view; G) Left phallomere (L2d), dorsal view; H) Median sclerite 
(L1), dorsal view; I) Median sclerite (L1), detail (see Fig. 5 for abbreviations). Scales: 
Habitus=1 cm, Pronotum=5 mm, Head=2 mm, all other figures=1 mm. 
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Female. Head rounded, with wide interocular space measuring 1/2 of the distance between 
the antennal sockets. Eyes with straight interocular margin. Ocelli small and located on the 
area slightly deflected above the antennal socket. Frons broad and flattened, frontal suture 
with a small cuticular depression. Clypeus distal half larger and yellow transparent (Fig. 6H). 
Pronotum subtriangular with anterior region rounded and slightly concave near the margins, 
dorsal region rough with deep striae, lateral angles rounded ending in a corner, hind margin 
slightly curved in the median region (Fig. 6F). 
Tegmina with a rounded anterior margin, orange lateral margin, and rounded and curved hind 
margin. Long, reaching the fifth abdominal tergite (Fig. 6E). Legs short and robust. Fore-
femora ventro-anterior margins with 21 or 19 long spines of the same size, ventro-posterior 
margins with 5 spines. Middle legs ventro-anterior margins with 5 spines. Supra-anal plate 
bilobed with a small median notch, each lobe with a slightly rounded lateral and a straight 
hind margin (Fig. 6G). Tergites with rounded lateral angles (Fig. 6E). 
 
Measurements (mm). ♂: Body length 49.35; pronotum length 10.95 × 16.80 maximum 
width; tegmen length 39.75 ×15.45 width; interocular width 1.6; interantennal width between 
sockets 4.6.  
♀: Body length 36.65; pronotum length 11.35 × 16.90 maximum width ; tegmen length 16.50 
× 11.00 width; interocular width 2.6; interantennal width between sockets 5.6. 
 
Coloration. ♂: General coloration brown (Fig. 8A). Pronotum dark brown with anterior 
margin buff brown; central disk orange with large dark brown mark (Fig. 8B). Head dark 
burnt umber; clypeus amber and labrum orange. Antennae with basal segments brown 
pigmented and apical segments pale brown. Ocelli white (Fig. 8C). Legs brown and spines 
with brown base and dark brown apex; pulvilli yellowish white; tarsal claws and arolia amber. 
Tegmina with orange lateral margins (Fig. 8A). Abdomen following general coloration of 
body but with brown tergites and sternites hind margins. 
 
Distribution. Brazil (São Paulo, Paraná, Santa Catarina, Rio Grande do Sul), Paraguay 
(Asunción). See Fig. 17 for details. 
 
Monastria angulata Saussure, 1864 
Figure 9A–D. 
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Monastria angulata Saussure, 1864a: 257; Walker, 1868: 11; Kirby, 1904: 161; Princis, 1963: 
142. 
Monachoda Finot, 1897: 207.  
 
Examined material. Syntype ♀. Brazil, Bahia. (MHNG)  
 
Diagnosis. Pronotum triangular, with rounded anterior region slightly concave near the 
margins, inconspicuous dorsal roughness and striae. Lateral angles pointy, without corners, 
hind margin slightly curved in the median region. Tegmina anterior angle nearly square, hind 
margin truncated with a marked curvature towards the medial margin. CuP vein ending at the 
half of the hind margin. Supra-anal plate bilobed, lateral margins of each lobe very rounded. 
 
Redescription. Female. Head subtriangular, with wide interocular space measuring 1/2 of the 
distance between the antennal sockets. Eyes with straight interocular margin. Ocelli 
developed and deflected. Front broad and frontal suture with a small cuticular invagination 
(Fig. 9D). Pronotum triangular, with anterior region rounded and slightly concave near the 
margins; dorsal roughness and striae inconspicuous. Lateral angles pointy, without corners, 
hind margin slightly curved in the median region (Fig. 9B). Tegmina very short and not 
extending further than the second abdominal tergite; anterior angle nearly square, hind margin 
truncated with a marked curvature towards the medial region. CuP vein ending at the half of 
the hind margin (Fig. 9A). Legs short and robust. Fore-femora ventro-anterior margins with 
16 or 17 spines of the same size, ventro-posterior margins with 4 spines. Middle legs ventro-
anterior margins with 4 spines. Supra-anal plate bilobed with a small median notch, each lobe 
with a very rounded lateral margin and a slightly straight hind margin (Fig. 9C). Tergites with 
quadrangular lateral angles (Fig. 9A). 
 
Male. Unknown 
 
Measurements (mm). Syntype ♀: Body length 30.70; pronotum length 10.00 × 17.57 
maximum width ; tegmen length 9.80 × 12.20 width; interocular width 2.6; interantennal 
width between sockets 5.6. 
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Coloration. Syntype ♀: General coloration burnt umber (Fig. 9A). Pronotum burnt umber 
with a anterior margin ochre; central disk yellowish brown with scattered dark brown marks 
(Fig. 9B). Head burnt umber and clypeus and labrum dark brown (Fig. 9D). Antennae with 
segments yellowish brown. Ocelli ochre. Legs and spines dark brown; tarsal claws, pulvilli 
and arolia yellowish brown. Tegmina with anal field burnt umber and marginal field brown; 
abdomen following general coloration of body but with tergites and sternites hind margins 
dark brown (Fig. 9A). Supra-anal plate burnt umber (Fig. 9C). 
 
Distribution. Brazil (Bahia). 
 
Figure 9. Figs. A-D, Monastria angulata, Syntype ♀: A) Habitus, dorsal view; B) Pronotum, 
dorsal view; C) Supra-anal plate, dorsal view; D) Head, ventral view. Figs. E-H, Monastria 
cabocla sp. n. Paratype ♀: E) Habitus, dorsal view; F) Pronotum, dorsal view; G) Supra-anal 
plate, dorsal view; H) Head, ventral view. Scales: Habitus=1cm, Pronotum=5mm, Supra-anal 
plate=5mm, Head=2 mm. 
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Monastria cabocla Tarli, Grandcolas & Pellens sp. n. 
Male – Figure 10. 
Female – Figure 9E–H. 
 
Type material. Holotype ♂ Brazil, Sergipe, Santo Amaro das Brotas, “Gravata” 13 I 1979 
(MZUSP). Paratypes: 1♂, 3♀, same data as holotype (MZUSP). 1♀ Sergipe, Santo Amaro 
das Brotas, “871” (MNRJ).   
 
Diagnosis. This species is characterized by having frons depressed below the antennal sockets 
and prominent above the ocelli. Ocelli positioned laterally. Pronotum dorsal surface slightly 
rough and striated, with two quite evident lobes with plain surface, and a wider central lobe 
covering the head. Short lateral margins with sharp angle and a conspicuous small spine. Legs 
longer and less robust. L1 sclerite with a lateral branch little sclerotized slightly curved 
downwards, smooth and with only a small spine and a region with a big lateral dilatation and 
an edge in the median region ending in a projection turned forward. Crown with a smaller 
number of sclerotized spines in the posterior region. L2d sclerite, hook with subconical and 
very wide anterior region. Sclerite N triangular on the dorsal region. R3d with a slight 
depression in the dorsal median region, straight. 
 
Description. Male. Head subtriangular, with interocular space measuring 1/4 of the distance 
between the antennal sockets. Frons with a depression below the antennal sockets and 
prominent above the ocelli. Frontal suture localized in a deep cuticular invagination, ocelli 
developed and positioned laterally (Fig. 10C). Pronotum transverse, pentagonal, dorsal 
surface slightly rough and striated, with two quite evident lobes with plain surface and a wider 
central lobe covering the head, anterior margin rounded, short lateral margins with sharp 
angle and a conspicuous small spine, hind margin nearly straight (Fig. 10B). Legs longer than 
in other species and less robust. Fore-femora ventro-anterior margins with 24 or 22 spines 
slightly decreasing in size from basal to apical; ventro-posterior margins with 5 spines. 
Middle legs ventro-anterior margins with 5 spines. Supra-anal plate quadrangular with setae 
on the surface, hind margin straight and slightly rounded laterally, bilobed, lobes very narrow 
and with a strong invagination in the median portion. Subgenital plate asymmetrical with long 
styles, funneled in the apical region. L1 sclerite apical region with two distinct parts: a lateral 
branch little sclerotized slightly curved downwards, smooth and with only a small spine, and a 
37 
 
region with a big lateral dilatation and an edge in the median region ending in a projection 
turned forward. Crown with a smaller number of sclerotized spines in the posterior region 
(Fig. 10G, H). L2d sclerite hook with subconical and very wide anterior region, a median 
apical region, and a narrow space connecting them. Apex internal cavity concave with short 
lateral external margin and narrow subapical notch (Fig. 10F, I). R2 sclerite cleft sclerotized, 
curved inward with a conic opening at its base and an apex directed upwards. Sclerite N 
triangular on the dorsal region and with a small surface in the ventral one (Fig. 10D). R3d 
with a slight depression in the dorsal median region, straight and narrow in ventral view. R3v 
sclerite with a long, rectangular and slightly wide latero-distal region, and quadrangular 
caudal branch very near R3d (Fig. 10D, E).  
 
Figure 10. Monastria cabocla sp. n., Holotype ♂: A) Habitus, dorsal view; B) Pronotum, 
dorsal view; C) Head, ventral view; D) Right phallomere, dorsal view; E) Right phallomere, 
ventral view; F) Left phallomere (L2d), ventral view; G) Median sclerite (L1), dorsal view; 
H) Median sclerite (L1), detail; I) Left phallomere (L2d), dorsal view (see Fig. 5 for 
abbreviations). Scales: Habitus=1cm, Pronotum=5mm, Head=2 mm, all other figures=1 mm. 
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Female (Paratype). Head rounded, with wide interocular space measuring 1/2 of the distance 
between the antennal sockets. Eyes with curved interocular margin. Ocelli developed and 
deflected. Frons broad, frontal suture with a large cuticular invagination (Fig. 9H). Pronotum 
subtriangular, dorsal surface slightly rough and striated, with two quite evident lobes with 
plain surface, and a wider central lobe covering the head; anterior margin rounded, lateral 
margins short with sharp angle and a conspicuous small spine, hind margin nearly straight 
(Fig. 9F). Tegmina latero-anterior angle nearly straight; lateral margin wider, and hind margin 
with a strong curvature near the radial vein; extends further than the third abdominal tergite. 
CuP vein very marked (Fig. 9E). Legs short and robust. Fore-femora ventro-anterior margins 
with 19 small spines of the same size, ventro-posterior margins with 4 spines. Middle legs 
ventro-anterior margins with 9 spines. Supra-anal plate bilobed with a median incision, and 
each lobe with straight posterolateral angles (Fig. 9G). 
   
Measurements (mm). Holotype ♂: Body length 42.95; pronotum length 9.85 × 15.70 
maximum width; tegmen length 35.25× 13.45 width; interocular width 0.9; interantennal 
width between sockets 3.6.  
Paratype ♀: Body length 41.60 ; pronotum length 13.20 × 20.15 maximum width ; tegmen 
length 16.05 x 14.50 width; interocular width 2.9; interantennal width between sockets 6.0. 
 
Coloration. Holotype ♂: General coloration sienna brown (Fig. 10A). Pronotum sienna 
brown with a brown anterior margin; central disk seal brown with scattered dark marks (Fig. 
10B). Head reddish brown; clypeus and labrum amber. Antennae with basal segments dark 
brown pigmented and apical segments brown. Ocelli pale brown (Fig. 10C). Legs and spines 
dark brown; tarsal claws, pulvilli and arolia whitish brown. Tegmina sienna brown with 
marginal and scapular field with a buff brown part (Fig. 10A). Abdomen following general 
coloration of body. 
 
Etymology. A term from the Tupi meaning taken out of the forest. Here it refers to the habitat 
and the color patterns of this species. 
 
Distribution. Brazil (Sergipe). See Fig. 17 for details. 
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Monastria itubera Tarli, Grandcolas & Pellens sp. n. 
Male – Figure 11. 
Female – Figure 12A–D. 
 
Type material. Holotype ♂. Brazil, Bahia, Itubera, “Reserva ecologica Michelin”,92-383m, 
13°48’4.62’’S, 39°10’23.2’’W. 100km N Itabuna, Forêt semi-décidue, 28 VIII 2007, R. 
Pellens & P. Grandcolas rec. (MZUSP). Paratype: 1 ♂, 2 ♀, same data as holotype (MNHN) 
 
Diagnosis. This species is characterized by having triangular head. L1 sclerite lateral branch 
slightly curved with some spines turned downwards and a slightly concave region with 
irregular distal margins with grooves ending in a long projection toward the front; L2d sclerite 
hook with subconical slightly narrow anterior region, short apical region, and a large space 
connecting them. Apex internal cavity concave with small lateral external margin and narrow 
subapical notch with pointy margin; R2 sclerite cleft curved inward with a conic opening at its 
base and with a sclerotized apex directed upwards. Sclerite N wider and near of R2 on the 
dorsal region, narrow and small in ventral surface. R3d narrow in the proximity of R2 and 
wider and rectangular in the distal region when in ventral view. R3v sclerite small, 
subtriangular, with rounded latero-distal end. 
 
Description. Male. Head triangular, with narrow interocular space measuring approximately 
1/6 of the distance between the antennal sockets. Ocelli developed and slightly deflected; 
frontal suture with a strong cuticular invagination (Fig. 11C). Pronotum transverse, 
pentagonal, dorsal surface rough with deep striae; anterior margin rounded; lateral margins 
with sharp angles, round ends and a conspicuous small protuberance; hind margin nearly 
straight (Fig. 11B). Legs short and robust. Fore-femora ventro-anterior margins with 20 or 18 
spines of the same size; ventro-posterior margins with 4 small spines. Middle-legs ventro-
anterior margins with 5 or 4 large spines. Supra-anal plate quadrangular with setae on the 
surface, hind margin straight and slightly rounded laterally, bilobed with a slight invagination 
in the median portion. Subgenital plate asymmetrical with long styli, left funneled in the 
apical region, right with same caliper all long. L1 sclerite apical region with two distinct parts, 
a lateral branch slightly curved with some spines turned downwards and a slightly concave 
region with irregular distal margins with grooves ending in a long projection toward the front. 
Crown with a smaller number of robust spines in the posterior region (Fig. 11H, I). L2d 
sclerite, hook with subconical slightly narrow anterior region and short apical region, with a 
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large space connecting them. Apex internal cavity concave with small lateral external margin 
and narrow subapical notch with pointy margin (Fig. 11F, G). R2 sclerite cleft curved inward 
with a conic opening at its base and with a sclerotized apex directed upwards (Fig. 11D). 
Sclerite N wider and near of R2 on the dorsal region, and a narrow and small ventral surface. 
R3d narrow in the proximity of R2, and wider and rectangular in the distal region when in 
ventral view. R3v sclerite small, subtriangular, with rounded latero-distal end (Fig. 11D, E). 
 
Figure 11. Monastria itubera sp. n., Holotype ♂: A) Habitus, dorsal view; B) Pronotum, 
dorsal view; C) Head, ventral view; D) Right phallomere, dorsal view; E) Right phallomere, 
ventral view; F) Left phallomere (L2d), ventral view; G) Left phallomere (L2d), dorsal view; 
H) Median sclerite (L1), dorsal view; I) Median sclerite (L1), detail (see Fig. 5 for 
abbreviations). Scales: Habitus=1cm, Pronotum=5mm, Head=2 mm, all other figures=1 mm. 
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Female (Paratype). Head rounded, with interocular space measuring approximately 1/3 of 
the distance between the antennal sockets. Eyes reniform with rounded interocular margin. 
Ocelli developed and deflected. Concavity between eyes and ocelli reaching the frontal 
suture. Frons with a prominence (Fig. 12D). Pronotum subtriangular, anterior region rounded 
with a depression near the margins; dorsal surface rough with deep striae, presence of small 
spine at the end of lateral region, hind margin nearly straight (Fig. 12B). Tegmina with 
rounded lateral anterior angle, hind margin truncated with a slight curvature in the region of 
radial vein and merging to the CuP vein at the end, not extending further than the second 
abdominal tergite (Fig. 12A). Legs short and robust. Fore-femora ventro-anterior margins 
with 21 or 20 spines of the same size, ventro-posterior margins with 4 spines. Middle-legs 
ventro-anterior margin with 8 spines, plus one near the apex. Supra-anal plate bilobed with a 
median incision and each lobe slightly rounded (Fig. 12C). 
 
Measurements (mm). Holotype ♂: Body length 40.98; pronotum length 15.41×9.49 
maximum width; tegmen length 31.22×11.23 width; interocular width 0.8; interantennal 
width between sockets 5.1.  
Paratype ♀: Body length 35.79; pronotum length 9.70 × 17.05 maximum width; tegmen 
length 8.90 × 11.15 width; interocular width 1.5; interantennal width between sockets 4.5. 
 
Coloration. Holotype ♂: General coloration brown (Fig. 11A). Pronotum brown with the 
anterior margin pale brown; central disk pale brown with scattered black marks (Fig. 11 B). 
Head dark brown/black; clypeus and labrum brown. Antennae with basal segments dark 
pigmented and apical segments whitish yellow. Ocelli light brown (Fig. 11C). Legs dark 
brown. Spines and tarsal claws brown, pulvilli and arolia pale brown. Tegmina and abdomen 
following general coloration of body but with tergites and sternites dark hind margins (Fig. 
11A). 
Etymology. The specific name refers to the type locality Itubera, state of Bahia, northeast 
Brazil 
 
Distribution. Brazil (Bahia). See Fig. 17 for details. 
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Figure 12. Figs. A-D, Monastria itubera sp. n., Paratype ♀: A) Habitus, dorsal view; B) 
Pronotum, dorsal view; C) Supra-anal plate, dorsal view; D) Head, ventral view. Figs. E-H, 
Monastria itabuna sp. n., Paratype ♀: E) Habitus, dorsal view; F) Pronotum, dorsal view; G) 
Supra-anal plate, dorsal view; H) Head, ventral view. Scales: Habitus=1cm, Pronotum=5mm, 
Supra-anal plate=5mm, Head=2 mm. 
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Monastria itabuna Tarli, Grandcolas & Pellens sp. n. 
Male – Figure 13. 
Female – Figure 12E–H. 
 
Type material. Holotype ♂, Brazil, Bahia, Itabuna. CEPLAC, Matinha. 14°46’20’’S, 
39°13’18’’W. Elevation 46m, 11 V 2007, J. A. Rafael & F. F. Xavier F°, manual tronco 
(INPA). Paratype: 1 ♂, 1 ♀, same data as holotype. (INPA) 
 
Diagnosis. This species is characterized by having L1 sclerite with apical region having a 
lateral branch slightly curved with some spines continuing until the crown in the posterior 
region. L2d sclerite, hook with short apical region, internal margin concave, lateral external 
margin strongly curved, with large sub-apical notch. R2 sclerite cleft curved inward with the 
apex directed forward. Sclerite N smaller in the dorsal region and with a large rough ventral 
surface. R3d narrow near R2 in dorsal view and wider, rectangular in the distal region when 
in ventral view. R3v sclerite large, subtriangular, with quadrangular and truncated latero-
distal end. Caudal branch long, wide in the center and narrow in the apex very near R3d. 
 
Description. Male. Head subtriangular, with narrow interocular space measuring 
approximately 1/6 of the distance between the antennal sockets. Ocelli developed and slightly 
deflected; frontal suture with a strong cuticular invagination. Clypeus distal half narrower 
transversally and orange brown (Fig. 13C). Pronotum transverse, pentagonal, dorsal surface 
rough with striae; anterior margin rounded; lateral margins slightly wider with sharp angles, 
round ends and a conspicuous small protuberance; hind margin nearly straight (Fig. 13B). 
Legs short and robust. Fore-femora ventro-anterior margins with 20 or 18 spines of the same 
size; ventro-posterior margins with 4 small spines. Middle-legs ventro-anterior margins with 5 
or 4 large spines. Supra-anal plate quadrangular with setae on the surface, hind margin 
straight and slightly rounded laterally, bilobed with a slight invagination in the median 
portion. Subgenital plate asymmetrical with long styles, left funneled in the apical region, 
right with same caliper all long. L1 sclerite with apical region with two distinct parts, a lateral 
branch slightly curved with some spines continuing until the crown of spines in the posterior 
region (Fig. 13G, H). L2d sclerite, hook with short apical region, internal margin concave, 
lateral external margin strongly curved, with large sub-apical notch (Fig. 13F, I). R2 sclerite 
cleft curved inward with the apex directed forward (Fig. 13D). Sclerite N smaller in the dorsal 
region and with a large rough ventral surface. R3d narrow near R2 in dorsal view and wider, 
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rectangular in the distal region when in ventral view (Fig. 13D, E). R3v sclerite large, 
subtriangular, with quadrangular and truncated latero-distal end. Caudal branch long, wide in 
the center and narrow in the apex very near R3d (Fig. 13E). 
 
Figure 13. Monastria itabuna sp. n., Holotype ♂: A) Habitus, dorsal view; B) Pronotum, 
dorsal view; C) Head, ventral view; D) Right phallomere, dorsal view; E) Right phallomere, 
ventral view; F) Left phallomere (L2d), ventral view; G) Median sclerite (L1), dorsal view; 
H) Median sclerite (L1), detail; I) Left phallomere (L2d), dorsal view (see Fig. 5 for 
abbreviations). Scales: Habitus=1cm, Pronotum=5mm, Head=2 mm, all other figures=1 mm. 
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Female (Paratype). Head rounded, with wide interocular space measuring 1/2 the distance 
between the antennal sockets. Eyes with straight interocular margin. Ocelli developed and 
deflected. Frons broad, frontal suture with a cuticular invagination (Fig. 12H). Pronotum 
subtriangular, fore region rounded and slightly concave near the margins, dorsal region rough 
with deep striae, lateral margins rounded ending in a small corner, hind margin slightly 
curved in the median region (Fig. 12F). Tegmina with straight lateral anterior angle, hind 
margin truncated with a slight curvature in the region of radial vein; not extending further 
than the second abdominal tergite and lateral margin orange all along its extension (Fig. 12E). 
Legs short and robust. Fore-femora ventro-anterior margins with 19 small spines of the same 
size; ventro-posterior margins with 4 spines. Middle-legs ventro-anterior margins with 9 
spines. Supra-anal plate bilobed with a median incision and each lobe slightly rounded (Fig. 
12G). Tergite with slightly rounded lateral angles (Fig. 12E). 
 
Measurements (mm). Holotype ♂:  Body length 53.05; pronotum length 12.70 × 19.37 
maximum width; tegmen length 40.40 x 15.55 width ; interocular width 0.9; interantennal 
width between sockets 5.4 .  
Paratype ♀: Body length 40.70; pronotum length 11.25 × 19.80 maximum width ; tegmen 
length 12.30 x 13.00 width; interocular width - 3.0; interantennal width between sockets 5.7. 
 
Coloration. Holotype ♂: General coloration dark brown (Fig. 13A). Pronotum dark brown 
with the anterior margin yellowish brown; central disk yellowish brown with scattered black 
marks (Fig. 13B). Head dark brown; clypeus and labrum yellowish brown. Antennae with 
basal segments dark pigmented and apical segments whitish yellow. Ocelli yellowish/pale 
brown (Fig. 13C). Legs and spines brown; tarsal claws, pulvilli and arolia yellowish brown. 
Tegmina and abdomen following general coloration of body but with tergites and sternites 
with brown posterior margin (Fig. 13A). 
 
Etymology. The specific name refers to the type locality Itabuna, state of Bahia, northeast 
Brazil. 
 
Distribution. Brazil (Bahia). See Fig. 17 for details. 
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Monastria kaingangue Tarli, Grandcolas & Pellens sp. n. 
Male – Figure 14. 
Female – Figure 15. 
 
Type material. Holotype ♂ . Brazil, São Paulo, Campinas. “Pico das Cabras”. 22°54'23.9"S 
46°49’34.4”W. 14 october 2014, coll. V. M. Ghirotto (MZUSP). Paratype: 1♀ , same data as 
holotype (MZUSP).  
 
Examined material. Brazil – Santa Catarina: 1♂, Urubici,  “Parque Nacional de São 
Joaquim, Vacas Gordas”, 977m, 28°08’44.4”S, 49°37’09.3”W, 22 X 2015, coll. R. Pellens 
(MNHN). 2♂, 1♀, São Bonifacio, Santo Amaro da Imperatriz, -27.830854 -48.964832, 09 X 
2014, P. Grandcolas & Vitor D. Tarli rec. (MNHN). São Paulo: 1♂ Bocaina, IV 1924, 
Luderm? “27” (MZUSP). 1♂ Bocaina, IV 1924, “29” (MZUSP). Rio Grande do Sul: 1♂, 2♀, 
Derrubadas, Parque Estadual do Turvo, 391m, -27.236413 -53.979640, 05 X 2014, R. Pellens 
& Vitor D. Tarli rec. (MNHN).  
 
Diagnosis. This species is characterized by having two intercalated rows of spines in the 
ventro-anterior margins of fore-femora; one row with 5 or 6 spines, and another with 32 or 33 
spines of the same size. L1 sclerite with lateral branch curved, rounded and smooth with some 
small spines, and a curved region with grooves in its interior and a projection with a rounded 
end directed upwards at its left side. L2d sclerite hook with long apical region, and rounded 
curvature of the margin near the notch. R2 sclerite cleft curved inward with a wide and 
sclerotized apex directed forward. R3d with a clear prominence like a tooth in ventral view. 
R3v sclerite with quadrangular and truncated latero-distal region, and caudal branch near the 
tooth from R3d sclerite. 
 
Description. Male. Head subtriangular, interocular space approximately 1/3 distance between 
antennae. Frons slightly elevated. Ocelli developed and deflected. Frontal suture with a 
cuticular invagination (Fig. 14C). Pronotum pentagonal, fore margin rounded, with rounded 
lateral angles, hind margin slightly curved in the medial portion (Fig. 14B). Legs short and 
robust. Fore-femora ventro-anterior margins with two intercalated rows of spines, one with 6 
or 5, and another with 33 or 32 spines of the same size; ventro-posterior margins with one 
large and a thin spine out of the row, 6 small spines. Middle legs ventro-anterior margins with 
11 or 10 spines. Tegmina with orange lateral margins in the first half of its length (Fig. 14A). 
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Supra-anal plate quadrangular with setae on the surface, hind margin straight and slightly 
rounded laterally, bilobed with a slight invagination in the median portion. Subgenital plate 
asymmetrical with long styles, left funneled in the apical region, right with same caliper all 
long. L1 sclerite with apical region with two distinct parts: a lateral branch curved, rounded 
and smooth with some small spines, and a curved region with grooves in its interior and a 
projection with a rounded end directed upwards at its left side (Fig. 14G, H). L2d sclerite 
hook with long apical region and rounded curvature of the margin near the notch (Fig. 14F, I). 
R2 sclerite cleft curved inward with a wide and very sclerotized apex directed forward (Fig. 
14D). Sclerite N tiny in dorsal and large and wide in ventral view. R3d with a clear 
prominence like a tooth in ventral view (Fig. 14D, E). R3v sclerite with quadrangular and 
truncated latero-distal region, and caudal branch near the tooth from R3d sclerite (Fig. 14E). 
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Figure 14. Monastria kaingangue sp. n., Holotype ♂: A) Habitus, dorsal view; B) Pronotum, 
dorsal view; C) Head, ventral view; D) Right phallomere, dorsal view; E) Right phallomere, 
ventral view; F) Left phallomere (L2d), ventral view; G) Median sclerite (L1), dorsal view; 
H) Median sclerite (L1), detail; I) Left phallomere (L2d), dorsal view (see Fig. 5 for 
abbreviations). Scales: Habitus=1cm, Pronotum=5mm, Head=2 mm, all other figures=1 mm. 
 
Female (Paratype). Head rounded, with wide interocular space measuring approximately 1/2 
the distance between the antennal sockets. Eyes with straight interocular margin. Ocelli 
developed and slightly deflected. Frontal suture with a cuticular invagination. Clypeus distal 
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half transparent yellow and larger (Fig. 15D). Pronotum subtriangular with anterior region 
rounded and slightly concave near the margins; dorsal region rough with deep striae, lateral 
angles rounded ending in a corner and hind margin slightly curved in the median region (Fig. 
15B). Tegmina with little rounded lateral anterior angles, orange lateral margins, and rounded 
and curved hind margins. Long, reaching the fifth abdominal tergite (Fig. 15A). Legs short 
and robust. Fore-femora ventro-anterior margins with 31 or 32 spines of the same size; 
ventro-posterior margins with 3 spines. Middle legs ventro-anterior margins with 5 spines. 
Supra-anal plate bilobed with a very small median incision. Lobe lateral margins slightly 
rounded and posterior margin straight (Fig. 15C). Tergite with rounded lateral angles (Fig. 
15A). 
 
Figure 15. Monastria kaingangue sp. n., Paratype ♀: A) Habitus, dorsal view; B) Pronotum, 
dorsal view; C) Supra-anal plate, dorsal view; D) Head, ventral view. Scales: Habitus=1cm, 
Pronotum=5mm, Supra-anal plate=5mm, Head=2 mm. 
 
Measurements (mm). Holotype ♂:  Body length 52.80; pronotum length 12.05 x 17.35 
maximum width; tegmen length 40.75 x 14.70 width; interocular width 1.7; interantennal 
width between sockets 5.5.  
Paratype ♀: Body length 42.52; pronotum length 11.03× 17.86 maximum width; tegmen 
length 17.05 x 12.55 width; interocular width 3.1; interantennal width between sockets 5.6. 
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Coloration. Holotype ♂: General coloration dark brown (Fig. 14A). Pronotum dark brown 
with the anterior margin yellowish brown; central disk orange brown with scattered dark 
brown marks (Fig. 14 B). Head dark brown; clypeus and labrum yellowish brown. Antennae 
with basal segments dark pigmented and apical segments whitish yellow. Ocelli pale brown 
(Fig. 14C). Legs dark brown and spines brown; pulvilli white, tarsal claws and arolia light 
brown. Tegmina with orange lateral margins and abdomen following general coloration of 
body (Fig. 14A). 
 
Etymology. The word kaingang derives from the Tupi-Guarani. It is the name of an Indian 
group originally distributed from Sao Paulo to Rio Grande do Sul. The name is an allusion to 
the similarity of their distribution ranges and a tribute to this people that were certainly aware 
of the existence of this cockroach.   
 
Distribution. Brazil (São Paulo, Santa Catarina, Rio Grande do Sul). See Fig. 17 for details. 
 
Monastria sagittata Tarli, Grandcolas & Pellens sp. n. 
Figure 16. 
 
Type material. Holotype ♂. Brazil, Minas Gerais, Serra do Cipó. March 1967, coll. D. Vital 
(MZUSP).  
 
Diagnosis. This species is characterized by having pronotum with shallow, smooth and 
slightly striated dorsal surface; wide lateral margins with sharp angles. Tegmina anal field 
wide with the CuP vein perpendicular to the lateral. Subgenital plate asymmetrical with one 
small style. L1 sclerite with a distinct spear shaped apical region, hind margin with a large 
non-sclerotized projection, and fore region with a small projection directed upwards. Lateral 
branch small with strong teeth and spines. L2d sclerite, hook with subconical and narrow 
anterior region, very short and curved and internal ventral margin strongly convex. 
 
Description. Male. Head subtriangular, with interocular space measuring approximately 1/3 
of the distance between the antennal sockets. Ocelli developed and slightly deflected; frontal 
suture with a cuticular invagination (Fig. 16C). Pronotum broad, transverse and pentagonal; 
dorsal surface shallow, smooth and slightly striated; anterior margin rounded; lateral margins 
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wider with sharp angles; hind margin nearly straight (Fig. 16B). Tegmina characterized by a 
wide anal field with the CuP vein perpendicular to the lateral (Fig. 16A). Legs short and 
robust. Fore-femora ventro-anterior margins with 21 or 20 spines of the same size; ventro-
posterior margins with 4 spines. Middle-legs ventro-anterior margins with 5 or 4 large spines. 
Supra-anal plate quadrangular with setae on the surface, hind margin straight and slightly 
rounded laterally, bilobed with narrower lobes and strong invagination in the median portion. 
Subgenital plate asymmetrical with one small style. L1 sclerite with a roughly triangular 
spear-shaped apical region, hind margin with a large non-sclerotized projection, fore region 
with a small projection pointing upwards, and lateral branch small with strong teeth and 
spines (Fig. 16G, H). L2d sclerite hook with subconical and narrow anterior region, very 
short, curved and internal ventral margin strongly convex (Fig. 16F, I). R2 sclerite cleft 
slightly curved inwards with the apex slightly sclerotized (Fig. 16D, E).  
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Figure 16. Monastria sagittata sp. n., Holotype ♂: A) Habitus, dorsal view; B) Pronotum, 
dorsal view; C) Head, ventral view; D) Right phallomere, dorsal view; E) Right phallomere, 
ventral view; F) Left phallomere (L2d), ventral view; G) Median sclerite (L1), dorsal view; 
H) Median sclerite (L1), detail; I) Left phallomere (L2d), dorsal view (see Fig. 5 for 
abbreviations). Scales: Habitus=1cm, Pronotum=5mm, Head=2 mm, all other figures=1 mm. 
 
Female. Unknown 
 
Measurements (mm). Holotype ♂:  Body length 51.28; pronotum length 11.94 × 21.54 
maximum width; tegmen length 41.97 × 17.00 width; interocular width 1.8; interantennal 
width between sockets 5.4.  
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Coloration. Holotype ♂: General coloration pale brown (Fig. 16A). Pronotum pale brown 
with a buff anterior margin; central disk brown ochre with scattered dark brown marks (Fig. 
16B). Head with dark brown interocular space, orange frons and amber clypeus and labrum. 
Antennae with segments yellowish brown. Ocelli brown (Fig. 16C). Legs and spines 
yellowish brown; pulvilli yellow whitish, tarsal claws and arolia yellowish brown. Tegmina 
and abdomen following general coloration of body (Fig. 16A). 
 
Etymology. The name “sagittata” derives from the Latin sagitta, meaning arrow, referring to 
arrow-shaped apex of the L1 sclerite. 
 
Distribution. Brazil (Minas Gerais). See Fig. 17 for details. 
 
 
Figure 17. Geographic location of sites where the different species of Monastria were 
collected. Monastria angulata is not in included in the map for it is only known from a 
specimen from Bahia, without any mention of locality. 
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Abstract 
 
The Atlantic forest biome is characterized by extremely high species richness and 
threat. Stretching over more than 27 degrees of latitude (3300 km) along the Atlantic Coast, 
and more than 800 km from the coast to the continent, it comprises a rich diversity of 
landscapes, ecosystems, and multiple histories of diversification. Here we aim to contribute 
to a better understanding of these histories by focusing on the diversification of an endemic 
genus of cockroach, Monastria Saussure 1864, limited to forest ecosystems and with limited 
dispersal ability. The phylogenetic analysis retrieved only 3 monophyletic species (in 8 or 9), 
indicating that the diversification of the genus was more intense in the Northeast (NE), and 
suggesting the existence of molecular polymorphism or introgression in the most 
widespread species. In the NE range size is smaller and richness is higher, contrarily to 
Southeast(SE)-South(S). An analysis of the distribution of 111 variables indicates the 
temperature in the Last Glacial Maximum (LGM) and the difference of temperatures 
between present and LGM are the most important in terms of information gain and 
interaction. It puts in evidence a greater climatic stability along the coast and a contrasting 
pattern between the NE, where climate was more stable and temperatures was higher, and 
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SE-S, where the area was much larger but much more impacted by fluctuations in aridity and 
temperatures. Based on it, we suggest that the lower number of species with wider 
distribution range in the S, associated to the presence of species in islands isolated during 
the Holocene, is due to a presence before the LGM in scattered forests followed by a recent 
dispersion. In contrast, the higher richness and narrow range in NE is likely to be the result of 
long term climatic stability and continuity of forest, followed by the present fragmentation 
of forests in this range. 
 
 
Introduction 
 
The Atlantic forest is the forest biome stretching along the coast of Brazil, and 
extending to the West as far as in Assumption in Paraguay and Missiones in Argentina. It 
comprises a large diversity of ecosystems, from Araucaria forests in the South, to perennial 
forests in Southeast, and semi-deciduous forests in Espirito Santo and Northeast. This is 
widely known as one biodiversity hotspots due to numerous threats faced by its rich 
biodiversity (Myers et al. 2000; 2003). For many decades, this forest has remained infinitely 
less studied than the Amazon, except through the numerous inventories made concerning 
fauna and flora. The last twenty years have, however, seen a great deal of in-depth work on 
the history of this forest (eg Costa et al., 2000, Cardoso da Silva, 2004, Cabanne et al., 2008, 
Carnaval & Moritz, 2008, Mello Martins, 2011). 
Cockroaches of the genus Monastria Saussure, 1864 belong to the Neotropical 
subfamily Blaberinae (Grandcolas, 1993, 1996; Legendre et al. 2015). The genus includes 
described species, and probably one more, that needs the observation of male specimens to 
be confirmed. Species of this genus are historically known from the Brazilian Atlantic Forest 
(Princis 1963), occurring from the State of Ceará to the Rio Grande do Sul in the South of 
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Brazil (03° to 30°S), and from the Atlantic coast to the furthest inland forests of this 
biogeographical domain, in Misiones (Argentina) and in Assumption (Paraguay). Individuals 
of Monastria live on the underside of dead trunks lying on the forest ground, have a 
generation time of about 2 years, are very sedentary, gregarious, and females care the 
brood during about 20 days. In addition to that, females are short winged, so unable to fly. 
This makes that species of Monastria have very limited ability to disperse and found new 
populations (Pellens and Grandcolas 2003, 2007; Pellens et al. 2010). This limited ability to 
disperse, and the need of forest to live, makes that the diversification of this genus may have 
followed the distribution of forests, and we wonder what factors associated have been 
involved. 
In this study, we aim to understand the diversification of this genus and their present 
distribution in the Atlantic forest. Are the species clearly separated? Are there groups of 
species clearly separated in the geographical space? Where did it originate? What factors 
could explain the present diversity and distribution? For doing this, we studied the 
phylogenetic relationship of specimens collected in the whole range of distribution of the 
genus. Due to the lack of fossil records, we were unable to date the tree. In order to 
overcome this difficulty, and try to have an estimate of the time of diversification, we 
sampled some specimens in two islands assumed to be isolated during the LGM, namely Ilha 
Grande (RJ), and Florianopolis (SC). In addition to the phylogeny, we also studied the 
distribution of the genus with Ecological Niche Models (ENM), and then assessed the 
variables [altitude, velocity of climate change, and climate (present and three times in the 
past)] that contribute more to explain this pattern.  
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Material and Methods  
 
Taxonomic and character sampling 
We sampled 31 specimens belonging to 6 (or 7) species of Monastria (out of 8 (or 9) 
known species (75%) and three outgroup species, namely Blaberus discoidalis, Byrsotria 
fumigata and Petasodes sp. The two-remaining species M. cabocla and M. angulata were 
not sequenced because the material available is only from old specimens. We used four 
molecular markers to reconstruct Monastria phylogenetic relationships: 12S rRNA (~355 bp), 
16S rRNA (~500 bp), 28S rRNA (~495 bp) and cytochrome oxidase subunit I (COI, 658 bp). 
Primers and molecular techniques were described in Legendre et al. (2008). We provided 
111 sequences and complemented them with 10 sequences from Legendre et al. (2015; 
KP986272, KP986317, KP986385, KP986429), Legendre et al. (2014; KF372445, KF372514), 
Pellens et al. (2007; EF363290, EF363262), Inward et al. (2007; DQ874032) and 
Kambhampati (1995; U17769). We sampled 82.4% of the taxa for 12S, 94.1% for the 16S, 
91.2% for the 28S and 88.2% for the COI.  
 
Alignment and phylogenetic analyses 
All sequences were blasted before any analysis. Then, we used MUSCLE (Edgar, 2004) 
as implemented in Seaview v.4 (Gouy et al. 2010) to align molecular sequences and refined 
the alignment manually. We also checked that the alignment for COI was congruent with 
codon reading frame. We used the software SequenceMatrix 1.7.8 (Vaidya et al. 2011) to 
concatenate the markers. It resulted in a final alignment of 2038 nucleotides.  
We used PartitionFinder v.1.1.1 (Lanfear et al. 2012) to select the best partitioning 
strategy, which involved five partitions: 12S-16S, 28S, COI-1, COI-2 and COI-3. The selected 
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models were either a General Time Reversible model with a gamma distributed rate 
variation among sites (GTR+G) or a GTR+G with a proportion of invariant sites (GTR+G+I). 
However, because G and I are strongly correlated (Sullivan et al. 1999) and using models 
mixing these parameters could bias their estimation, we used a GTR+G model for each 
partition.  
Maximum Likelihood analyses were conducted using RAxML 7.4.2 (Stamatakis 2006). 
We first performed 500 ML replicates using the rapid hill-climbing algorithm on the 
combined dataset and the optimal solution was selected. We then estimated bootstrap 
support values from 1000 replicates using the rapid bootstrap algorithm (Stamatakis et al. 
2008).  
 
Records of occurrence, climate variables, and niche model 
We modeled the niche of the genus Monastria using 61 records of presence coming 
from our sampling plus data issuing from Natural History Collections. This included 31 
records of species from the phylogeny and 30 additional records (Fig. 1b). As recommended 
by Tarli et al. (in preparation- chapter 4 of this thesis), we tested for biases and then rarefied 
the data by excluding 21 records in the most biased environmental space. The methods used 
are strictly the same used in this work.  This strategy enhances model’s sensitivity so 
allowing to detect more possible suitable areas. In other words, this allows for avoiding that 
some suitable areas are excluded by overrepresentation of samples in one climate class (see 
Tarli et al. for details). Climate data were obtained from WorldClim version 4. From the 19 
Bioclim we eliminated correlating variables where Pearson’s r > 0.80. The variables retained 
were those with the most correlations with others, and those without significant correlation. 
The niche was modeled with MaxEnt 3.3.3 (Phillips et al. 2004). The same variables were 
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used to model the niche of the species with sufficient number of records (M. similis, M. 
biguttata, and M. kaingangue). For the other species, the records of occurrence were too 
few or too near each other to use the data model their niche. So, we used hydrosheds as 
units of delimitation, assuming that the range of each species were limited to the 
geographical sub-basin of Level 4 (IBGE 2011). Sub-basins are often used as planning units in 
Brazil, due to their natural and biogeographically meaningful boundaries.  
 
Variables and assessment of variable importance for the distribution of the genus 
Monastria 
We used 111 variables to assess the factors that could explain the present pattern of 
distribution of Monastria. Seventy-two of them correspond to the values of climate variables 
in four different periods: Present, MidHolocene (MiH) (6 ky1), Last Glacial Maximum (LGM) 
(22ky2) and Last inter-glacial (LIG) (120ky3). For MiH and LGM these variables were used in 
three different scenarios of green-house gas emission. Thirty-six other variables come from 
layers produced with the function Minus in ArcGis 10.3, used to calculate the difference 
between present and past values for each climate variables (LGM and LIG). The remaining 3 
variables were altitude, velocity of climate change and probability of suitability of each area 
calculated from the niche model of Monastria. The variables, data used, models, and their 
respective sources are presented in Table 1.  
These values of each variable were extracted to points from layers at 2.5-minute of a 
latitude/longitude degree spatial resolution (i.e., 4.5 km at the equator). The points of 
extraction were obtained through the transformation of one Bioclim layer to grids of the 
same size and placement of the raster cells followed by the transformation of grids to points. 
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The resultant map had 198,210 points regularly distributed in the spatial surface of the 
Atlantic forest lato sensu in Brazil, Paraguay and Argentina.  
 
Table 1 – Variables used and data source. Bioclim data were used for the Present, Mid-
Holocene (MiH) (6 ky), Last Glacial Maximum (LGM) (22ky), Last inter-glacial (LIG) (120ky). 
Data from LGM and LIG were based on three different Atmospheric-Oceanic Global 
Circulation Models, CCSM4 (CC), MIROC-ESM (MR), MPI-ESM-P (ME).  
 
Abbreviation Variable Source* 
Bio01 Annual Mean Temperature WorldClim 1.4 
Bio02 Mean Diurnal Range WorldClim 1.4 
Bio03 Isothermality WorldClim 1.4 
Bio06 Min Temperature of Coldest Month WorldClim 1.4 
Bio12 Annual Precipitation WorldClim 1.4 
Bio15 Precipitation Seasonality WorldClim 1.4 
Bio16 Precipitation of Wettest Quarter WorldClim 1.4 
Bio18 Precipitation of Warmest Quarter WorldClim 1.4 
Bio19 Precipitation of Coldest Quarter WorldClim 1.4 
Alt Altitude WorldClim 1.4 
Vel Velocity of climate change Sandel et al. 2011 
Niche Probability of suitability Maxent 3.3.3 
* data from LIG comes from Otto-Bliesner et al. (2006). 
 
 
We used Random Uniform Forest (RUF) in R (http://CRAN.R-
project.org/package=randomUniformForest) to characterize variable importance in 
predicting the distribution Monastria. This is a machine learning algorithm designed for 
classification, regression and unsupervised learning. It works by building many unpruned and 
randomized binary decision trees, using random cut-points to grow the tree, and bootstrap 
and subsampling (Ciss, 2015). RUF is non-parametric and thus can be used on data with a 
large number of variables of various types, and do not depend on the assumptions of 
normality and heteroscedasticity. Its application in ecology (e.g. Cutler et al. 2007) and forest 
management (e.g. Oliveira et al. 2012) suggests that it can be very powerful particularly 
when non-linear trends exist. We used the classification function in RUF for assessing global 
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variable importance and variable importance based on interactions, using 111 variables in 
198,210 lines, each corresponding to point a point of data extraction as explained above.  
 
Results  
 
Phylogenetic relationship of Monastria 
 
In the best tree (ln L=-8873.208050), Monastria is monophyletic with a high 
bootstrap support value (BS=94). M. itubera is the first species diverging from the remainder 
within Monastria, a result also well supported (BS=91). Then, two clades are distinguished 
(BS=91), one comprising the monophyletic M. kaingangue and M. itabuna, then M. 
sagittata, one specimen of M. similis, one of M. biguttata and a last one of a not confirmed 
specimen of M. biguttata (BS=58). The other main clade comprises only specimens of M. 
biguttata and M. similis (BS=55).  
For the four markers considered, species from the second clade are less divergent 
than species belonging to the first. The first clade includes species occurring in the whole 
range of the genus, with M. kaingangue in the southern part of the range and the others 
found in isolated localities from Minas Gerais (M. sagittata) to the Northeast. Three of these 
species are only known from single localities. The species of the second clade have large 
distribution range: M. biguttata, from Bahia to the south of Rio de Janeiro; and M. similis, 
from Minas Gerais to the extreme southern and western distribution of the genus (Fig. 1B; 
Table 2).  
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Figure 1.  A) Maximum likelihood-based tree inferred from the four molecular markers. Bootstrap values are shown at each node. The 
characters next to the localities correspond to the species of Monastria shown in figure B. B) Geographic location of sites where the different 
species of Monastria were collected. Full characters: 31 records of species from the phylogeny. Empty characters: 30 additional records. 
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Note that although M. biguttata and M. similis are not monophyletic due to two 
specimens identified in other clades, this main trend of distribution is maintained, except for 
the specimen M. biguttata? in Correntes, PE. (The only specimen of this locality is a female 
that strongly resembles M. biguttata. But, the lack of male genitalia precludes the Fig. 1B 
confirmation of this species). But, contrarily to what could be expected by the distance of 
this point in Correntes to the nearest point in Bahia, the addition of this record in the niche 
model did not increase markedly the area suitable for M. biguttata (Table 2). This indicates 
that their distribution must be very scattered in this region.  
Table 2. Area of distribution of the species of Monastria inferred with Ecological Niche 
Model (area with probability of suitability ≥ 0.68), or from the area of the Hydrographic 
basin level 4 of the occurrence record. 
Species 
Niche area 
 (PoS) (Km2)   
Hydrographic basin area  
(Km2)   
Monastria itubera  2,730 
Monastria itabuna  4,648 
Monastria sagitatta  27,630 
Monastria cabocla  3,255 
Monastria similis 71,780  
Monastria biguttata* 28,160  
Monastria biguttata** 32,220  
Monastria kaingangue 77,950  
Monastria angulata NA NA 
* without the record from Correntes, PE; ** including the record of Correntes, PE 
 
This makes that two main patterns of distribution are observed in the main clades of 
the genus, one concerns the species from the Northeast, that have more restricted range. 
Note that M. cabocla and M. angulata (not sequenced in this study) are also known from 
single localities at the Northeast. This pattern from the northeast is contraposed by that of 
the species occurring in the southern part of the range, M. kaingangue, M. biguttata and M. 
similis, with much larger distribution ranges. Another point indicated by this topology is that 
66 
 
specimens from the islands are not particularly separated in the tree. Both (M. biguttata in 
Ilha Grande, and M. similis in Florianopolis) are found within the clade with the specimens 
from the nearest localities. 
 
The distribution of the genus Monastria 
The high training AUC (0.9429) indicates a good performance of MaxEnt in the ENM. 
The niche model indicates that one area of 107,400 km2 has high probability of suitability for 
Monastria. This corresponds to 28.1% of total area used in this study. The analysis of 
contribution of the different variables indicated that Bio02 was the one with highest 
regularized trained gain, with 38.1%, followed by Bio03 (22.2%) and Bio12 (15.1%) (Table 3). 
Table 3. Relative contributions and permutation importance of the nine variables used for 
modeling the niche of Monastria.  
Variable Percent contribution Permutation importance 
Bio02 38.1 38.3 
Bio03 22.2 26.2 
Bio12 15.1 13.5 
Bio18 12.7 0.1 
Bio16 7.1 3 
Bio06 2 1.1 
Bio19 1.6 8.5 
Bio01 0.7 5.8 
Bio15 0.2 0.2 
 
The niche model indicates a distribution strongly matching the distribution of main 
forests along the coast, and spreading to west until Argentina and Paraguay in moist regions 
around Iguaçu and Turvo River. In general, suitable areas are much wider and more 
continuous in the Southeast and South than in the Northeast (Fig. 3A) 
The results of RUF indicate a high contribution of the temperature of the LGM in the 
patterns observed. This is shown by the high importance of the variable Bio01 in the LGM, 
and by the difference between present and LGM of Annual Mean Temperature (Bio 01) in 
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the two Atmospheric-Oceanic Global Circulation Models, Minimum Temperature of Coldest 
Month (Bio 06) and Mean Diurnal Range (Mean of monthly (max temp - min temp) (Bio 02) 
(Fig. 2).  
 
 
Figure 2. Classification of 30 variables with Random Uniform Forest. A) Variable importance 
based on information gain; B) Variable importance based on interactions 
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The correlation between the probability of suitability of areas for Monastria and the 
values of Bio01 in LGM or the difference between present and past climate are negative for 
all variables, except for the difference of Bio06 (Table 4). This means that suitable areas for 
Monastria are where Bio01 and Bio02 changed less from the LGM to the present, and where 
the minimum temperature of the coldest month increased more (Fig. 3B-F). A close look at 
Fig. 3 shows that it was above all along the coast that the lower differences of temperature 
was observed in this time frame, so indicating the importance of this variable to the general 
distribution of the genus. 
Table 4. Values of Pearson correlation between the probability of suitability of the niche 
model and the variables with highest importance in terms of interaction in Fig. 2. For 
abbreviations see table 01. 
Variables r p-value 
Bio01 LGM (CC) -0.3716326 < 2.2e-16 
Bio01 Pres-LGM (ME) -0.4471289 < 2.2e-16 
Bio01 Pres-LGM (MR) -0.06781511 < 2.2e-16 
Bio06 Pres-LGM (CC) 0.4064031 < 2.2e-16 
Bio02 Pres-LGM (CC) -0.4157254 < 2.2e-16 
 
 
The Bio01 in the LGM (Fig. 3B) and the difference of Bio06 between present and LGM 
(Fig. 3C) show that, in addition to this trend separating the coast from the inland, there were 
also important differences between the North and the South. In the LGM, the South was 
much colder, and the increase in the temperature of the coldest month was much higher in 
the South than in the Northeast (Fig. 3B; Supplementary Material). In addition to that, the 
present distribution Monastria in the northeast finely matches the distribution of the highest 
differences of Bio06 between present and LGM in this region (Fig. 3 A, C). 
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Figure 3. Niche of the genus Monastria and Bioclim layers from diferents variables resulting from the RUF analyses. A) Niche of the genus 
Monastria using 61 records of presence. B) Bioclim layer of Bio 01 in the LGM (Model CC). C) Bioclim layer of Bio 06 with difference between 
present and LGM (Model CC). D) Bioclim layer of Bio 01 with difference between present and LGM (Model MR). E) Bioclim layer of Bio 01 with 
difference between present and LGM (Model ME). F) Bioclim layer of Bio 02 with difference between present and LGM (Model CC) 
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Discussion and Conclusion 
Phylogenetic and systematics of the genus Monastria 
This study confirms the monophyly of only three out of six species studied here (out 
of eight already described based on the morphology), M. itubera, M. itabuna, M. kaingangue 
(Tarli et al. submitted). For the remaining species, this question is opened, and certainly 
more specimens could help to solve some of them. For example, from the morphological 
point of view M. sagittata is markedly different of M. biguttata and M. similis concerning 
several characters (the shape of the pronotum, the distribution of the veins in the tegmina, 
and male genitalia) (Tarli et al. submitted). So, why this molecular similarity? Another point 
is that M. similis is found in very near localities where we collected M. sagittata (Serra do 
Cipó and Conceição Mato Dentro - about 60km). But it is not the specimen from this place 
that is in the clade with M. sagittata (it is the specimen from Poá, about 800km far away, in 
São Paulo). Is this phylogenetic similarity indicating genetic exchange, or hybridization 
between the two species in the past? Or is it indicating that natural selection is acting on 
interspecific differences in cases on sympatry, and relaxing in populations that are far away? 
From the present results both possibilities could be true. Curiously, the specimens of M. 
biguttata in this clade come from the two limits of distribution of this species. The specimen 
from Correntes, PE at the extreme North, and the one from Visconde de Mauá (at the limit 
of Rio de Janeiro and São Paulo). All this suggests the existence of ancestral polymorphism 
or hybridization.  
Despite the fact that M. biguttata and M. similis are not monophyletic, their 
distribution range is quite coherent, making with M. kaingangue three groups with 
distributed mostly at the south of Espirito Santo. M. biguttata is mainly distributed along the 
coast from Rio de Janeiro to the Northeast, whereas M. similis is found in areas much farther 
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in the continent (as far as in Missiones, Argentina and Assumption, Paraguay) from Minas 
Gerais to Rio Grande do Sul. The only exception concerns M. biguttata? from Correntes, PE, 
one of the most extreme localities from where Monastria is known in the Northeast, which 
is likely to belong to an isolated population.  
 
The origin of the genus Monastria  
The phylogeny indicates that the first divergent lineage of Monastria is now found in 
a very small forest remnant in the State of Bahia in the Northeast, M. itubera. Based on it, 
the most parsimonious hypothesis of diversification is that the genus originated in the 
Northeast, from where it dispersed and reached the entire domain of the Atlantic forest. The 
fact that species from the southern region are also found far away in the Northeast (even if 
by ancestral polymorphism or introgression as hypothesized above) also corroborates this 
hypothesis. This suggests that the NorthEastern route may have been the most important 
for the origin of the genus in the Atlantic Forest (Por, 1992; Ledo & Colli, 2017), which means 
an arrival in the Atlantic forest from the Amazonia through the Northeast (see also Costa 
2003). This hypothesis can be tested in a near future with a phylogenetic study of Blaberinae 
in the different biomes in South-America, or with a study specifically designed to assess the 
routes of diversification of Blaberinae between the Atlantic forest and the Amazon.  
 
Dating 
One major problem concerning the phylogenetic study of recent groups of Blattaria is 
the scarcity of fossils records that could be used to date the inner group (Legendre et al. 
2015). This is not an exception for Monastria, for which no fossil records are available. This 
makes that the only calibration points would be from external groups (those used in 
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Legendre et al. 2015 for Dictyoptera), making Monastria a very old clade (about 56My), and 
with extremely large confidence intervals.  
Unfortunately, contrarily to what we expected, the use of specimens from islands 
that were connected to the continent during the LGM and are isolated during the last 14 000 
years did not add any contribution to date the tree, letting this point opened to further 
studies. Nevertheless, as the females of Monastria are wingless and unable to fly (Pellens 
and Grandcolas, 2003) the main way of spread of their populations is by walking or by drift 
grasped on dead trunks where they live. So, from it we can assume that it is very likely that 
the presence of species of Monastria in islands strongly precedes their isolation from the 
continent during the Holocene. In the next section we discuss the contribution of this 
information to understand the distribution of these two species.  
 
Patterns of distribution  
The main pattern of distribution of Monastria is the contraposition between the large 
ranges of species occurring from Espírito Santo to the South, and narrow distribution range 
of species occurring in the Northeast. In addition to that, there are more species in the 
Northeast than from Espírito Santo to the South [5 (or 6) vs 3], despite the fact that the total 
area of forest is much smaller. 
The analysis using climate variables from present and three past periods puts in 
evidence the important role of the temperature in the LGM, in particular the minimum 
temperature of the coldest month, in marking the differences between northern and 
southern region of the Atlantic forest. In addition, studies based on palynological records 
suggest that climatic fluctuations and the impact of Pleistocene arid phases were also more 
important in this Southern region (Por, 1992). Nevertheless, we must recall that, in the 
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South, terrestrial surface of the Atlantic coast was much larger during the LGM because the 
continental platform goes much farther away than in Northeast (Leite et al. 2016). These 
areas were retracted with the sea level rise in the Holocene.  
Based on it and on the fact that populations on islands are not particularly recent 
when compared to those from the continents we hypothesize that the colonization of the 
South precedes the LGM. Nevertheless, due to the lower temperatures and higher aridity in 
the South during this period (Por, 1992), it is very likely that populations were scattered, 
limited to some regions nearby the coast, or towards the West in the South. In fact, the 
historical suitability of this area in the LGM explains better the present distribution of 
Monastria to this region than present climate (see Fig. 3, A, B).  
Contrarily to the South, several scenarios suggest that the climate in the Northeast 
remained more stable and that forests were more continuous, particularly in the Last 
Interglacial (about 120my) (Leite et al. 2016). In addition, the region of Bahia where two 
species, M. itubera and M. itabuna, were recorded is hypothesized as one of the major 
climatic refuges within the Atlantic forest during LGM (Carnaval & Moritz 2008; Carnaval et 
al. 2009; Mello Martins 2001). So, historical climatic stability is quite likely to be the most 
important reason for the higher species richness in the Northeast. Nevertheless, the niche of 
the genus, as well as the distribution of different species in the Northeast, strongly matches 
the distribution of the Atlantic forest (forests existing before deforestation by modern 
civilization) (SOS Mata Atlântica & Instituto Nacional de Pesquisas Espaciais 1993, 2014). 
This leads to the hypothesis of wider distribution range in the past, followed by the 
extinction of multiple populations, and isolation of each of them in one of the isolated 
forests.  
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To conclude, much remains to be discovered about the factors that lead to the 
present distribution of biological diversity in the Atlantic forest. The study of the genus 
Monastria, a group of cockroach totally dependent on forest for its survival and with very 
restricted possibility of dispersion brings significant insights to understand the distribution of 
biodiversity in this hotspot. It shows that even if the genus is likely to be old, the climate 
change in recent past periods (22 and 120 ky) were strongly important to shape its 
distribution.  
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Supplementary Material 
 
 
 
Bioclim layers from Min Temperature of Coldest Month (Bio06). A) Bioclim layer of Bio 06 in the Present. B) Bioclim layer of Bio 06 in the LGM 
(Model CC)
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Abstract 
Since two decades the richness and potential of natural history collections (NHC) were 
rediscovered and emphasized, promoting a revolution in terms of access on data of species 
occurrence, and fostering the development of several disciplines. Nevertheless, due to their 
inherent erratic nature, NHC data embody several biases. Understanding these biases is a 
major issue, particularly because ecological niche models (ENMs) are based on the 
assumption that data is not biased. Based on it, a recent body of research have focused on 
searching adequate methods of dealing with biased data and proposed the use of filters in 
geographical and environmental space. Although the strength of filtering in environmental 
space has been shown with virtual species, nothing has yet been tested with a real dataset 
including field validation. In order to contribute to this task, we explore this issue by 
comparing a dataset from NHC to a recent targeted sampling of the cockroach genus 
Monastria in the Brazilian Atlantic forest. We showed that, despite strong similarities, the 
area modeled with NHC data was much smaller. These differences were due to strong climate 
biases, which increased model’s specificity and reduced sensitivity. By applying two forms of 
rarefaction in the environmental space, we showed that deleting points at random in the most 
biased climate class is a powerful way for increasing model’s sensitivity, so increase the 
possibility to predict more suitable areas of occurrence than those more sampled. 
 
Keywords: natural history collections, species distribution models, target sampling, biases, 
MaxEnt, field validation, rarefaction, filtering, environmental space, climatic bias, 
overrepresentation 
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Introduction 
NHCs were designed to keep vouchers of the living world several centuries ago. More 
than a simple repository for taxonomic studies, these collections are memories of the past and 
present life on earth, and represent important references of biodiversity in time and space. In 
the last two decades, the richness and the huge potential of these collections have been 
rediscovered and emphasized (Graham et al. 2004; Suarez and Tsutui 2004; Lavoie 2013). 
Many possible uses have been listed for specimens housed in collections (Funk 2003; 
McLean et al. 2016), as for example, tracking invasions (Muller 2015), defining trends in 
populations of pathogens and parasites (Pinto et al. 2010), revealing the history of diseases 
(Persing et al. 1990; Marshall et al. 1994), analyzing responses to environmental changes 
(Robbirt et al. 2011; Lister et al. 2011), building seed banks (Muller 2015), following 
phenotypic and genotypic changes in populations and documenting many aspects of the 
evolutionary process (Holmes et al. 2016). 
 
This recent emphasis on NHC data however brings more benefit for studies of 
macroecology. The international enterprise of rendering available data from specimen’s labels 
(and associated information from field notes and expedition logs), and more recently, traits 
and pictures of the specimens, is powering this research field, which is becoming central in 
ecology and biodiversity conservation. The massive amount of data available in national 
databases and some data federators like GBIF www.gbif.org along with environmental data 
interpolated at high spatial resolution (e.g. Hijmans et al. 2005; Fick and Hijmans 2017) and 
powerful methods of analysis is not only allowing for unraveling main patterns of biodiversity 
distribution, but also for understanding the processes leading to them (see Beck et al. 2012 for 
a review).  
 
However, specimens found today in collections were not necessarily collected based 
on protocols and standardized samplings. Most of them come from the accumulation of erratic 
and irregular field works over more than two centuries. So, assembling them to answer a 
specific question requires considering the biases that they may span, as, for example, the well-
known biases towards places of easy access [as along main rivers (e.g. ter Steege et al. 2016), 
near roads (e.g. Kadmon et al. 2004)], with high population density (e.g. Araujo 2003 for 
Europe, but see Yang et al. 2016 for China), with better academic (Mooerman and Eastbrook 
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2006; Pautasso and McKinney 2007), or socio-economic structure (Golding et al. 2010) ]; and 
biases away from remote regions (e.g. Schulman et al. 2007).  
Depending on the constraints of access, and on the regional environmental variability, 
these biases have important implications on the environmental range sampled (Kadmon et al. 
2004; Loiselle et al. 2008), and on the inferences of species distribution range (e.g. Schulman 
et al. 2007; Feeley and Silman 2011). This makes the use of NHC data is very challenging, 
particularly because ENMs as estimated in MaxEnt (the most powerful method modeling 
species distribution) are based on the assumption that distribution records are not biased. Due 
to this, a whole body of research has been devoted to the characterization of biases in 
collection databases and to the search of solutions in order to minimize errors on estimates 
based on ENMs (Kramer-Schadt et al. 2013, Boria et al. 2014). However, the lack of field 
validation still represents a major constraint for evaluating and understanding models’ 
outcomes (Anderson et al. 2016; Robbirt et al. 2011).  
During a biogeographic study in the Brazilian Atlantic forest, we took advantage of a 
long-term survey of the insect genus Monastria Saussure, 1864 (Dictyoptera, Blaberidae) to 
mobilize data for this kind of study. We referred to all Museum collections in the world that 
harbored specimens of Monastria and we conducted a field sampling designed to characterize 
their distribution in the biome and to define the limits of their distribution range. The main 
interest of focusing on species of this genus is that they are not specialized, so they are not 
constrained by specific resources like a host plant, and not well-known like many vertebrates, 
even if first records date back to the beginning of the 18th century (Pellens and Grandcolas 
2003, 2007).  
Here we used all distribution records available to the species of this genus aiming to 
explore whether data issuing from NHC dataset would be enough to predict the entire 
distribution range of the genus, as validate by the recent sampling dataset. Based on it, we 
explored how sampling biases could be responsible for the result. Then, we developed and 
compared two strategies of rarefaction and the way the influence the outcomes of ENMs.  
 
Material and Methods 
Monastria  
Cockroaches of the genus Monastria belong to the Neotropical subfamily Blaberinae 
(Grandcolas, 1993, 1996; Legendre et al. 2015). The genus includes nine species. Three of 
them with large and partially overlapping distribution range, and six other known from single 
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localities (Tarli et al. in press). Species of this genus are historically known from the Brazilian 
Atlantic Forest (Princis 1963), occurring from the State of Ceará to the Rio Grande do Sul in 
the South of Brazil (03° to 30°S), and from the Atlantic coast to the furthest inland forests of 
this biogeographical domain, in Misiones (Argentina) and in Assumption (Paraguay). They 
were observed in a large array of forest ecosystems composing this biome, ranging from 
semi-deciduous forests in the Northeast to the humid montane forests in the central region and 
the Araucaria forests in the South. Individuals of Monastria live on the underside of dead 
trunks lying on the forest ground, live about 2 years, are very sedentary and gregarious, and 
adults reach the size of small mammals (about  3cm in length x 1.5cm in width). They are 
collected by direct search on their specific habitats, or, indirectly, by collectors searching for 
other xylophagous insects. Adult males can be captured with light traps, although it rarely 
occurs (Pellens and Grandcolas 2003, 2007; Pellens et al. 2010).  
 
Collection data 
We searched for Monastria in the literature and in collections of Natural History 
Museums. This led to a dataset issuing from 23 references (S1 Appendix) and 11 collections 
(S1 Table). We assigned geographical coordinates to every specimen with enough 
information at the level of a locality or with more details. Specimens with information of 
occurrence at very coarse resolution (level of the continent, a country, a state, or a big city) 
were discarded.  
 
Target sampling 
We designed a sampling protocol aimed at checking the occurrence in different forest 
physiognomy within the Atlantic Forest and at characterizing longitudinal, latitudinal and 
altitudinal limits of distribution. Since the Atlantic forest is now reduced to less than 5% of its 
original surface and distributed in a multitude of scattered fragments (SOS Mata Atlantica and 
Instituto Nacional de Pesquisas Espaciais 2014), we focused mainly on officially protected 
areas. But some forests in private properties in regions where reserves do not exist were also 
sampled. In a first study, we verified that individuals of Monastria were not present in tree 
plantations, or secondary regrowth forests, even when they were very near forests where they 
were abundant (i.e. less than 1km) (Pellens and Grandcolas, 2007). So, we limited our 
fieldwork to forests with at least three strata, and with areas where dead trunks and branches 
were observed in the understory. Every forest physiognomy of the biome and all forests 
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located at the extreme of distribution of the Atlantic forest were sampled. This made a total of 
26 sites with presence and 21 with absences.  
Sampling was made through walks perpendicular to main trails looking for their 
microhabitat, i.e., dead trunks lying in the forest ground. Each trunk observed was turned in 
order to search for individuals. This procedure was repeated until finding the first individual 
for declaring presence. Nevertheless, we often collected some more individuals in order to 
have exemplars for taxonomic and molecular studies. Absences were assumed after 8 hours of 
field search, period in which at least 20 clumps of dead trunks were prospected. The great 
majority of the absences recorded here are related to the present quality of site. I.e. in some 
regions the only forest remaining are either very disturbed native forests or secondary old 
regrowth. This environment markedly reduces the chances of finding Monastria. 
  
Climate Data 
We used Bioclim variables obtained in WORLDCLIM Version 1.4 database 
(http://www.worldclim.org; Hijmans et al. 2005), in 30-arc second resolution. In order to 
reduce collinearity (e.g. Kramer-Schadt et al. 2013), we eliminated variables where Pearson’s 
r >0,80 and retained the variables correlated with more variables. So, the analysis was limited 
to only eight of them (Table 1).   
 
Analysis 
ENMs were modeled with MaxEnt 3.3.3 (Phillips et al. 2004). We chose to use this 
method due to its excellent predictive performance when compared to several other ENM 
methods, independently if they are based on presence only or if they characterize background 
with a sample (Elith et al. 2006; 2011; Hernandez et al. 2006). In all analyses performed in 
this study, 70% of the data was used in training and 30% was retained as test points. We 
employed the subsample parameter for the replicates and set “maximum training sensitivity 
plus specificity” as the threshold, which means that habitats are labeled as suitable when 
probability ≥ threshold.  
The parameters for the maximum number of interactions and replicates were set as 
5000 and 20, respectively, and all analyses were based on the mean of the 20 replicates. The 
similarity between the two ENM’s was quantified with the I-statistics using the program 
ENMTools (Warren et al. 2008). This statistic compares the overlap of full grid-cells in a 
given area, producing results varying from 0 (no overlap) to 1 (identical models).  
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MaxEnt predictions are presented in a continuous cumulative probability field. We 
transformed this probability field into binary maps of “suitable” (upper class) versus 
“unsuitable” for calculating and comparing the distribution area. These maps were 
transformed into polygons used to calculate the final area with ArcGis 10.4.  
 
Assessing biases and analyzing its effect in the dataset  
Biases in the dataset were assessed in two ways. The first was the estimation of the 
aggregation of points in the geographic space. It was tested with Averaged Nearest Neighbor 
calculated in ArcGis 10.4. The second was the evaluation of sample biases in climate space. 
This was done through the assessment of differences in probability of occurrence between 
observed and expected number of points (Kadmon et al. 2004; Loiselle et al. 2008). 
Following the basic MaxEnt output, the climate space was divided into 9 equal-interval bins 
based on the range observed within the Atlantic Forest. Then we calculated the number of 
sampling points and the proportion of points expected based on the area covered by each bin. 
For each climate variable, bias was calculated as 
 
 
 
where nd is the number of localities collected within climate bind, pd is the probability that a 
collecting locality falls within climate bin d given the area covered by that bin, and N is the 
total number of collecting localities.  
In order to check the implications of climate biases on the ENMs of collection data we 
designed a rarefaction strategy to delete points in order to make subsets of the dataset, which 
was used to model the niche and then to compare the area estimated and AUC training and 
test. We limited this analysis to Annual Precipitation based on the fact that this variable is the 
one with greatest difference in range covered between the niches with the two datasets. Two 
forms of rarefaction were employed. In the first we eliminated 30%, 40%, 45% and 55% of 
the points from the most skewed climate class (11, 15, 17 and 21 points, respectively) chosen 
at random. In the second, we deleted the same number of points at random from the entire 
dataset. Comparisons were made with results of twenty replicates for each situation.  
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Results 
Characterization of the Datasets 
Our dataset was composed of 82 occurrence data: 56 from Museum collections and 
literature (hereafter NHC) resulting from 23 independent samples (S1 Appendix), and 26 
from the called target sampling (TS). Twenty additional locations were studied with the target 
sampling without finding Monastria (Fig 1). 
 
Fig 1. Distribution of the sampling records of Monastria in the Brazilian Atlantic forest. 
Full circle: Data from NHC; fTriangles: Data of presence (full triangle) and absence (empty 
triangle) obtained with target sampling. 
 
As most of these absences looked associated to the present degradation of forests, they 
were not used as pseudo-absences. Both occurrence records cover about the entire range of 
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the Atlantic forest. But NHC dataset includes records much further in the south and west 
whereas the TS dataset includes presences in the extreme northeast. Despite these differences 
in the geographical space, the range of the occurrence in environmental space is quite similar 
(Table 1).  
 
 
Table 1. The eight Bioclim variables used in this study. Abbreviation, full name, and 
minimum and maximum values (and respective difference) of the occurrence records with a 
target sampling (TS), and a dataset  from natural history collections and literature (NHC). 
 SD - Sum of the difference 
 
Assessing distribution with the two different datasets 
MaxEnt performed well in both analyses. The training AUC (area under the receiver 
operating characteristic curve) was slightly higher for the ENM with collection data (0.9429), 
than in the ENM with data from our samples (0.9381). In both cases it strongly rejected the 
hypothesis that test points were predicted no better than by a random prediction. No locality 
point fell outside the total distribution area predicted by the model, although some of them 
were found in areas with low predicted suitability (Fig. 2). The I-statistics indicates that the 
entire area of ENMs estimated with the two datasets strongly overlap (I=0.92).  
The analysis of contribution of the different variables indicated that Bio02 was the one 
with highest regularized trained gain, with 31.1% and 29.2%, followed by Bio03 and Bio14 
for collection and target sampling, respectively. It shows that the most suitable areas for 
Monastria were those with low mean diurnal range in temperature (Bio02 and Bio03), which, 
in this region, was mainly determined by variations in precipitation during the driest month 
(Bio 14) (Table 2).  
 
Abbreviation  
TS NHC TS - NHC 
SD 
Variable Min Max Min Max Min Max 
bio01 Annual Mean Temperature 154 242 152 255 2 -13 -11 
bio02 Mean Diurnal Range 63 130 64 140 -1 -10 -11 
bio03 Isothermality 46 69 47 67 -1      2 1 
bio05 
Max Temperature of Warmest 
Month 233 321 248 338 -15 -17 -32 
bio12 Annual Precipitation 1197 2102 1177 2171 20 -69 -49 
bio13 Precipitation of Wettest Month 173 313 132 338 41 -25 16 
bio14 Precipitation of Driest Month 11 124 8 156 3 -32 -29 
bio15 Precipitation Seasonality 10 81 9 86 1 -5 -4 
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Fig 2. Ecological niche models of the cockroach Monastria in the Neotropical Atlantic Forest made with two different datasets. A) Data 
from a target sampling aimed at detecting the occurrence in different phyto-physiognomies of the biome and the altitudinal, latitudinal and 
longitudinal extreme limits of distribution. B) Data from Natural History Collections and literature. Values of AUC training, test and area are the 
mean of 20 replicates. 
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Table 2. Relative contributions and permutation importance of 
the variables used for modeling the niche of Monastria with data 
issuing from two different datasets. 
 
TS NHC 
Variable 
Percent 
contribution 
Permutation 
importance 
Percent 
contribution 
Permutation 
importance 
bio01 0.2 0.2 0.7 1.2 
bio02 29.2 20.4 31.1 25.2 
bio03 1.4 7.6 24.5 48.2 
bio05 16.7 6.5 8.6 2.1 
bio12 0.5 0.1 12.9 16 
bio13 20.1 33.8 2.7 0.8 
bio14 27 27.9 18.8 1.9 
bio15 4.9 3.6 0.7 4.6 
 
In spite of this, the ENMs differed markedly in extent of suitable area. The range 
estimated with NHC data corresponded to only 67% of that with our recent sampling, 
indicating suitable areas much concentrated in the humid forests at the central region of the 
biome, particularly in the region of Rio de Janeiro. The model produced with the TS dataset 
showed additional suitable areas in the Northeast, where Monastria was not known before. 
Another important difference was detected in the extreme south at the interior of Rio Grande 
do Sul, both with several records in the NHC dataset, but not identified as suitable with the 
model produced with it (Fig. 2). As a result of this failure to detect suitable areas at the 
extreme northeast, the range of two out of nine species of this genus were not or very poorly 
detected with the dataset from NHC (Fig. 3). The response curves show that annual 
precipitation (Bio12) was the environmental variable with highest difference between the two 
models, with a range about 1/3 wider in the models with data from the target sampling (Fig. 
4). 
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Fig 3. Distribution of the nine species of Monastria in the ENM’s dataset from Natural 
History Collections and literature. 
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Fig 4. The response curves of the eight bioclim variables used in this study. The curves 
show the mean response of the 20 replicate Maxent runs (red) and and the mean +/- one 
standard deviation (blue, two shades for categorical variables). 
 
Testing for possible biases in the datasets 
The test of spatial aggregation showed that, although values were significant for both 
datasets, they were much higher in the data from NHC (Z-score= -5,892; p< 0,0001) than that 
in the target sampling (Z-score= -2,2901; p= 0,022). It means that the observed average 
distance between points was much lower than expected at random, especially in the NHC 
dataset. 
The analysis of climatic biases shows that points of occurrence from the two datasets 
were recorded in the same climate classes, and that the intermediate climate class 4 was the 
most biased one. Nevertheless, biases were much higher (more than twofold) in NHC than in 
TS dataset, particularly for Bio2, Bio5 and Bio12 (Table 3).  
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Table 3. Values of Biasd calculated with data from a target sampling (TS) and data from natural history collections and literature (NHC) 
for eight climatic variables used to estimate ENMs of Monastria in the Brazilian Atlantic forest. 
  The larger Biasd values are given in bold
       Bio01       Bio02     Bio03     Bio05    Bio12     Bio13    Bio14     Bio15 
Climate 
classes TS NHC TS NHC TS NHC TS NHC TS NHC TS NHC TS NHC TS NHC 
1 -2.17 -2.08 -0.61 0.00 0.00 3.56 2.46 -1.62 -1.02 -2.34 -1.02 -1.44 -1.63 -0.94 -1.02 4.04 
2 -3.40 -2.67 0.00 -0.52 2.04 2.88 1.47 2.37 -1.84 -2.59 -2.17 0.40 0.74 0.36 -1.23 0.43 
3 1.00 0.00 1.84 1.30 1.47 0.00 -0.61 0.00 1.47 0.00 0.00 0.00 2.46 0.38 -1.63 -1.82 
4 -2.42 0.70 5.15 9.34 1.47 1.82 0.00 6.09 4.35 9.77 0.00 0.00 -1.09 -0.40 5.44 -2.18 
5 -1.40 1.73 -1.09 -2.18 1.02 1.91 -1.23 -0.93 3.07 0.86 -0.74 -0.34 3.68 -0.40 3.68 1.78 
6 -0.93 1.73 -1.00 0.34 -0.54 -2.29 -1.47 1.19 -1.49 0.52 2.17 -0.43 1.47 2.02 -1.63 1.30 
7 -1.40 0.86 -1.40 -1.73 0.47 0.52 1.63 -1.82 -1.84 -3.06 -0.74 1.19 -0.61 0.52 -1.02 -1.62 
8 -0.47 0.43 -1.02 -3.14 -2.79 -3.91 -1.23 -2.42 -2.17 -2.34 0.74 1.73 -2.49 -2.42 -1.09 1.78 
9 -2.49 -0.94 -1.02 -1.44 -0.74 -1.78 -1.47 -0.52 -1.02 -2.83 1.23 -1.15 -1.02 1.44 -1.84 -2.16 
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Effect of rarefaction on the collection dataset 
Since Bio12 was the environmental variable with highest difference in range between the two 
models (Fig. 4) we chose to use it to test the effect of rarefaction on the environmental space. 
As expected, AUC values were significantly reduced with rarefied data, especially AUC 
training (One-way ANOVA F= 4.4185 p<0.0001 DF=8; and F= 2.9906; p=0.004; DF=8 for AUC 
training and test, respectively). But, the estimated suitable areas were significantly higher (One-way 
ANOVA F= 11.72348 p<0.0001 DF=8).  
The comparison of two ways of rarefaction showed important differences concerning AUC 
training and area. AUC training varied markedly and not linearly when the dataset was rarefied by 
deleting points in the most biased climate class. But, when 21 points was deleted, the values from the 
two modes of rarefaction were very similar and also similar to the that estimated with all the NHC 
dataset. The values of AUC test were very variable among the 20 models produced for each situation 
(see standard deviation bars in Fig. 5), so showing no significant differences between ways of 
rarefaction, except for the interaction (Table 4). Concerning suitable area, the differences between 
the two ways of rarefying increased with the number of points deleted. In the class with 21 points 
(55%) deleted, the area estimated with data rarefied in the most biased climate class was even 
broader than that obtained with target sampling (Table 4; Fig. 5). 
 
Table 4. Results of two-ways ANOVA comparing the effect of rarefaction on the collection data 
(See Fig. 2 for more information) 
 
 
 
 
 
 
 
 
 
 
 
Bold numbers correspond to a statistical significance (p <0.05) 
 
 
 
  Mean Square d.f. F-value Significance 
AUC Training 
    Entire dataset X Most Biased dataset 0.002 1 18.0288 < 0.0001 
Number of Points Deleted 0.0003 3 2.7477 0.0449 
Interaction 0.0002 3 2.1301 0.0987 
AUC Test 
    Entire dataset X Most Biased dataset 0.003 1 2.9773 0.0864
Number of Points Deleted 0.0021 3 2.0755 0.1058 
Interaction 0.0046 3 4.5134 0.0046 
Area 
    Entire dataset X Most Biased dataset 500478428 1 3.1422 0.0782
Number of Points Deleted 1700097789 3 10.674 < 0.0001 
Interaction 593681737 3 3.7274 0.0127 
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Fig 5. AUC training, AUC test and area estimated with NHC and literature data rarefied in 
two different ways. □ Mean and SD (gray line) using a dataset in which points were deleted at 
random only from the most biased climate class of Annual Precipitation (class 4 in Table 2); × Mean 
and SD (black line) using a dataset in which points were deleted at random in the entire dataset. In 
both cases the same number of points was deleted. They represented 30, 40, 45 and 55% of the 
points in the most biased climate class. Dotted line: Mean values estimated with NHC and literature 
data.  Dashed Line: Mean values estimated with data from the target sampling. 
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Discussion  
In both cases, the model performance was particularly high, especially because of the 
important breadth of the distribution range (Fig. 4) (Barbet-Massin et al. 2012). Nonetheless, the TS 
dataset allowed for better prediction of suitable areas for Monastria than the NHC dataset. Had we 
used the model with the NHC dataset to predict where to find new species of Monastria, we had 
excluded two out of nine species of this study. The differences between the two datasets were not 
only in regions under-sampled by the NHC collection dataset, as in the northeast, but also in regions 
well sampled in the south and southwest. This suggested that the problem was not in the geographic, 
but in the environmental space.  
This hypothesis was confirmed by the analysis of climate biases, which showed significant 
differences in representation in different climate bins between the two datasets. Biases in sampling 
arise by (1) overrepresentation of samples in some climate classes (positive values), (2) absence or 
low representation in others (negative), or (3) a combination of both. Here we identified that 
collection data of Monastria is strongly overrepresented in moderate climate ranges.  
The results of the rarefaction confirmed the conclusions on the importance of sampling biases 
for explaining the differences in area in ENMs estimated with the two datasets. The increase in 
estimated suitable area with rarefaction independently of the way data were deleted brings one more 
argument to the importance of filtering. Some studies have shown that suitable areas also increase 
when filtered in geographical space (Kramer-Schadt et al., 2013; Boria et al. 2014), i.e., by deleting 
redundant points occurring at an arbitrary distance from each other. However, a recent study 
comparing the effects of filtering in geographical and environmental space for virtual species shows 
that the utility of geographic filters is quite unlikely generalized to several places. In fact, it can 
increase climate biases in areas with heterogeneous and repeated environments across different 
geographic scales (Varela et al., 2014). 
The second point contributing to this conclusion was that rarefaction did not necessarily 
imply in a decrease in model performance, as shown by variations in AUC. This is contrary to that 
observed by Kramer-Schadt et al. (2013) and Varela et al. (2014) when using spatial filters, and in 
accordance with the observation of Varela et al. (2014) when using environmental filter. It indicates 
that, when environmental bias is reduced, other combination of variables become evident, so leading 
to robust models with much less data (Fig. 5).  
Excluding data is a crucial choice when dealing with NHC datasets, particularly because very 
often the number of data available is not enough to make good inferences on the species distribution 
range (Feeley and Silman 2011). Nevertheless, as shown by the present results, and also by Kramer-
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Schadt et al. (2013), Boria et al. (2014), and Varela et al. (2014) if biases are detected it is necessary 
to find a way to reduce it.  
Our results show that testing for climate biases (Kadmon et al. 2004; Loiselle et al. 2008) is a 
very important step in this evaluation. It shows that, overrepresentation of samples in a climate class 
favors the maximization of model’s specificity. This means that the suitable areas are predicted in 
climate spaces with higher number of records. In other words, the model outcomes are very good at 
finding true positives, but it fails in predicting some false negatives, i.e. it does not predict the 
presence in some places where the species really occurs. 
The second outcome of this study is how to filter in order to enhance model’s sensitivity. By 
comparing two strategies of deleting points at random in the environmental space, we showed that 
acting on the most biased climate class is more effective so allowing detecting other suitable areas. 
This calls the attention to the importance of clearly defining the aim of the study when using 
SDMs in order to decide the best way to use the data available (Guillera-Arroita et al. 2015). For 
example, if we are looking for the best site to place a reserve, it is desirable to maximize specificity 
(i.e. the chances that the species occur in the site). So, considering all points may be the good choice, 
as it reduces the chances of commission errors, i.e., the probability of inferring the presence when a 
species is not there. Nonetheless, if the aim is to screen all possible habitats in order to find new 
species of the same genus as was in the case in this study, or to make inferences about future 
availability of suitable habitats, sensitivity is highly important. In this case, detecting environmental 
biases and rarefying by reducing the number of occurrences on the most biased class can be a 
straightforward strategy, as it leads to robust models enlarging the possibility of places to be 
screened. 
To conclude, NHC is a goldmine of data available to biodiversity prospection. But, these data 
embody several biases, and there is an urgent need to find ways to deal with them in order to make 
better prediction. In this respect, field validation is crucial, as it is the only way to test the predictions 
(Robbirt et al. 2011, Anderson et al. 2016). The study of genus Monastria in the Brazilian Atlantic 
forest showed the need to look for climate biases in models with MaxEnt, and the solution proposed 
here is likely to be useful in any situation where this kind of bias is detected.  
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Discussion, Conclusion et Perspectives de la Thèse 
 
La taxonomie des Blaberinae et Monastria 
 
L’étude de Blattaria du nouveau monde, notamment du Brésil a été marqué par des vagues 
de descriptions d’espèces et révisions de quelques genres. Tout cela dans un cadre de taxonomie 
classique portant sur des échantillonnages soit focalisés sur un endroit - comme par exemple Alto 
da Mosela (Rocha e Silva Albuquerque & Lopes, 1977; Rocha e Silva & Vasconcelos, 1987), les 
collectes réalisés en Nova Teutônia, SC (Rocha e Silva Albuquerque, 1971), Caruaru, PE (Rocha e 
Silva Albuquerque, 1974), et Sinop, MT (Rocha e Silva & Aguiar, 1977), soit utilisant des données 
accumulées dans les collections pendant de longues périodes. Ce cadre erratique fait qu’il n’y a pas 
de connaissances taxonomique et spatiale homogène pour les Blattaria en général, ce qui rend 
difficile de répondre aux questions concernant la complétude des connaissances taxonomiques, la 
distribution, l’origine, et la diversification de Blattaria. C’est d’autant plus dommageable que les 
données disponibles sur la biodiversité ne constituent pas seulement un grand répertoire 
taxonomique mais aussi un fond de connaissances qui devraient pouvoir être utilisées à tous 
égards. Cette thèse a contribué principalement à mieux comprendre ce problème et à proposer des 
solutions statistiques pour les utilisations futures. 
La sous-famille des Blaberinae est un groupe néotropical particulier, avec des adultes de 
grande taille, souvent très visibles et donc en général pas complétement méconnus. Mais les 
genres endémiques de la forêt atlantique, dont Monastria Saussure, 1864 fait partie, comprennent 
des Blattes très spécialisées et inféodées à des habitats particuliers (Grandcolas, 1993; 1998; 
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Pellens et al., 2007). Les individus réfugiés dans leurs habitats sont donc rarement récoltés par des 
pièges lumineux ou des piéges de Malaise. Par conséquent, bien que les premières espèces de ces 
genres soient décrites depuis le début du XVIIIème siècle (Thunberg, 1826; Princis, 1963; Pellens & 
Grandcolas, 2008), les Blaberinae de la forêt atlantique restent passablement méconnues et ne 
sont pas les plus communes dans des collections d’histoire naturelle. La capture des individus reste 
en effet très dépendante d’une recherche dirigée vers leurs habitats (Shao & Bell 1986; Grandcolas 
1994; Pellens 2002).  
Même dans le cas de ce groupe de taille moyenne présent dans les collections naturalistes, 
l’étude taxonomique réalisée dans cette thèse a montré que moins de la moitié des espèces était 
connue et que trois de ces espèces ont été découvertes grâce à des échantillonnages très récents: 
M. kaingangue, M. itubera et M. itabuna. Ce travail a aussi mis en évidence les problèmes liés à des 
travaux indépendants menés par plusieurs taxonomistes anciens sur les mêmes spécimens, qui ont 
amené à une nomenclature chargée et complexe, avec une multiplication des noms pour les 
mêmes espèces. Le présent travail de taxonomie a permis la résolution de ces problèmes 
nomenclaturaux.  
Un autre aspect de la taxonomie de ce groupe concerne l’ancienneté des descriptions, 
souvent basées sur un seul spécimen ou sur des caractères très généraux (couleur, forme du 
pronotum, forme de l’aile). La recherche des caractères morphologiques et les échantillonnages 
récents ont été ainsi très importants pour la re-définition des espèces en se basant sur des 
individus des deux sexes. Dans cette étude, on a exploré et inclus par la première fois plusieurs 
autres caractères morphologiques ainsi que la description des genitalia, mâles et femelles. Ceux-ci 
étaient totalement inconnus pour ce genre et même pour les autres genres de Blaberinae 
endémiques de la région. 
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L’élaboration d’une clé de détermination pour les jeunes des Blaberinae endémiques de la 
forêt atlantique a été un autre point important de cette étude. Les larves sont trouvées beaucoup 
plus souvent que les adultes et des élevages sont très fréquemment nécessaires pour l’obtention 
des adultes nécessaires à la réalisation de diverses études, même taxonomiques (Pellens & 
Grandcolas, 2003). En outre, les individus des différents genres sont facilement confondus et 
peuvent cohabiter. Par exemple, un tronc d’arbre en décomposition sur le sol peut abriter larves de 
Petasodes sous l’écorce, de Monastria sur l’écorce sous le tronc, et de Minablatta dans la 
poussière, le sable ou la sciure en décomposition en dessous du tronc (Grandcolas, 1991; 1994; 
Pellens, 2002). Pouvoir caractériser les genres avec des larves se révèle donc indispensable pour 
tous ceux qui souhaitent travailler sur cette faune. Enfin, ce travail nous a permis de vérifier une 
fois de plus que les concepts d’espèces ne devaient pas être idéalisés et gagnaient à la 
confrontation d’analyses morphologiques, moléculaires, phylogénétiques et populationnelles (Sites 
& Marshall, 2004). Dans le cas présent, il sera intéressant dans le futur que des études 
supplémentaires puissent renseigner sur les raisons des non-monophylies constatées chez au 
moins deux espèces du genre Monastria. 
 
La diversification de Monastria et des Blaberinae  
L’étude de la diversification du genre dans la forêt atlantique a aussi apportée des résultats 
nouveaux et intéressants, mettant en évidence le rôle du climat passé assez ancien dans la 
distribution actuelle des espèces. Ces résultats sont en accord avec des études récentes qui 
montrent toutes la grande importance de la stabilité climatique en particulier au NE de la forêt 
atlantique pour la diversification et la survie de cette diversité à travers des périodes de temps 
longues (Carnaval  et al., 2009; de Mello Martins, 2011). Dans le cas de notre étude, il est 
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intéressant de montrer que l’épisode maximum glaciaire le plus ancien (22000 ans) est celui qui 
semble être lié le plus significativement à la répartition et à la diversification de Monastria. 
L’étude d’autres groupes endémiques de la forêt atlantique pourra contribuer à éclairer la 
mesure dont ces facteurs ont impacté différents organismes dépendant des écosystèmes forestiers 
(de Mello Martins, 2011). Parmi eux, une étude sur le genre Petasodes est faisable dans le court 
terme. Petasodes a été le groupe le plus récolté pendant les recherches de terrain destinées à 
étudier Monastria. Les individus de Petasodes ont plus d’aptitude à se disperser, car mâles et 
femelles ont de longues ailes et peuvent voler; ils ont été trouvés dans des forêts avec de degrés de 
perturbations très divers (Pellens and Grandcolas, unpublished). Donc, le fait d’être des espèces 
plus mobiles et moins dépendantes des forêts très préservées comme Monastria, pourra 
renseigner sur d’autres facteurs qui ont amené à la diversification dans cette région. Cependant, 
comme pour Monastria, il serait nécessaire de commencer par une révision taxonomique et par la 
description des nouvelles espèces, car la taxonomie de Petasodes est aussi en grand besoin de 
révision (Pellens & Grandcolas, 2008). 
Parmi les grands biomes du Brésil, la faune de Blattaria est sans doute plus riche dans les 
biomes forestiers avec 227 espèces connues de l’Amazonie et 519 répertoriées dans la forêt 
atlantique (environ 26% et 65%, respectivement, des occurrences dans différents états du pays) 
(Pellens & Grandcolas, 2008). Quand on observe les différences de surface entre ces deux biomes, 
on s’aperçoit que d’autres facteurs que l’état réel de la diversité biologique sont responsables pour 
les différences observées. En effet, les biais d’échantillonnage sont en faveur des régions les plus 
peuplées et les plus actives au plan économique, ce qui augmente l’accès à plus de sites  par plus 
de collecteurs et donc augmente au final la diversité capturée (e.g. Araujo, 2003; Golding et al. 
2010). Dans la région de la forêt atlantique, les universités et les centres de recherche sont ainsi 
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beaucoup plus nombreux qu’en Amazonie, ce qui amène bien plus d’opportunités de prospection 
de la biodiversité (Mooerman & Eastbrook, 2006; Pautasso & McKinney, 2007).  
Si l’on se permet d’inférer la richesse d’un biome à partir de ce qui est connu dans un autre 
où l’échantillonnage est plus complet, on peut donc espérer qu’une grande richesse spécifique de 
Blattaria est encore à découvrir en Amazonie. Ceci met en évidence l’intérêt d’intensifier les 
échantillonnages dans cette région dans un futur proche. Pour l’instant, la faune de Blattes de 
l’Amazonie est bien connue dans la région de la Guyane Française (e.g. Grandcolas 1994), et autour 
de Manaus (e.g. Lopes et al., 2014). Des échantillonnages couvrant d’autres parties du territoire, 
ainsi qu’un échantillonnage dans la diagonale sèche (i.e. le Cerrado et la Caatinga), pourront 
contribuer à mieux comprendre la transition entre ces deux biomes forestier majeurs et des 
facteurs qui ont amené à l’endémisme dans ces régions (Costa, 2003; Ledo & Colli, 2017; Sobral-
Souza et al., 2015). 
 
Données, biais et aire de répartition actuelle et future 
La troisième étude développée dans le cadre de cette thèse a mis en évidence le grand 
besoin de considérer les biais d’échantillonnage lors de l’utilisation des données des collections 
naturalistes pour inférer la distribution spatiale des organismes. C’est une problématique actuelle 
importante. Dans l’urgence scientifique ou de la gestion des territoires, il est important de pouvoir 
s’appuyer sur toutes les données disponibles, d’autant qu’elles peuvent en outre renseigner sur des 
tendances récentes d’évolution des faunes et des flores (Suarez & Tsutui, 2004). Les spécimens 
trouvés dans les collections résultent des échantillonnages erratiques qui portent des biais spatiaux 
et environnementaux. Malgré le fait que plusieurs études avaient déjà montré l’importance de ces 
biais avec des espèces virtuelles (Varela et al., 2014) ou en utilisant des filtres temporels (Feeley & 
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Silman, 2011) ou spatiaux (Kramer-Schadt et al., 2013; Boria et al., 2014), très peu d’études sur ces 
biais ont été faites en les contrôlant avec des validations par des échantillonnages sur le terrain 
(Anderson et al., 2016). Notre étude nous a permis de voir que les inférences faites à partir des 
données de collections n’informaient pas correctement sur l’aire d’occurrence de Monastria et que 
la cause était que la plupart des échantillons avaient été collectés dans des forêts humides, 
provoquant une sur-représentation des données dans une classe de climat bien particulière. Pour 
contrer ce biais, nous avons donc développé une stratégie de raréfaction se focalisant sur l’espace 
climatique qui permet d’arriver à des résultats plus en conformité avec la réalité.  
Cette stratégie mise au point dans le cas particulier de l’étude de Monastria a 
potentiellement une utilité très générale dans le cadre des études de distribution basées sur des 
données de collection, études qui sont appelées à se développer fortement. 
Cette stratégie est aussi très utile et nécessaire pour la modélisation des futures aires de 
répartitions dans le cadre des changements globaux et notamment climatiques. Dans ce contexte, 
une étude qui nous sommes en train de développer traite de la disponibilité de habitats adéquats 
pour Monastria dans des scénarios de changement climatique dans un futur très proche, soit 2050 
ou 2070. Cette question est importante pour la forêt atlantique déjà très fragmentée, car plusieurs 
scenarios indiquent une intensification des conditions climatiques qui sont déjà extrêmes dans cet 
intervalle de temps très court, surtout au Nordeste où la richesse en espèces est plus importante 
mais les aires de répartition sont plus petites. Cette situation peut amener à des changements 
importants dans la distribution des forêts, qui sont déjà devenues rares et distribuées de manière 
très éparse pendant la fin du XXème siècle. En outre, les fragments de forêt sont séparés les uns 
des autres par des villes, des parcs industriels, où des champs agricoles (SOS Mata Atlantica, Inpe 
2017). Ceci réduit encore plus la probabilité déjà faible pour les Insectes de pouvoir suivre 
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l’évolution des surfaces forestières avec le changement climatique (« track the climate change ») et 
de s’installer aux endroits où les conditions environnementales seraient devenues adéquates.  
L’étude de Monastria pourra être utile pour mieux comprendre l‘effet de ces changements 
climatiques sur des organismes avec une faible capacité de dispersion dans un environnement 
morcelé et fragmenté. Ce trait de vie, associé aux rugosités du paysage mentionnées ci-dessus, font 
que l’avenir à long terme du genre Monastria est très dépendant de la continuité des forêts là où 
les populations de ces Insectes se trouvent maintenant. 
En partant de cette hypothèse, on a réalisé un ensemble d’analyses en se basant sur deux 
différents scenarios d’émission de carbone et deux modèles de climat pour 2050 et 2070 couplées 
avec la distribution des forêts dans le temps présent. Les résultats montrent une situation très 
alarmante où dans le meilleur scénario seulement 4,38% de l’aire de répartition Monastria serait 
adéquate dans un futur proche (Figure 1). En regard de la structure extrêmement fragmentée des 
paysages dans la forêt atlantique, et des difficultés énormes de dispersion des organismes entre 
fragments, cette question se pose en outre pour une forte partie de la biodiversité de ce biome.  
Figure 1. Fragments actuels de la forêt atlantique basé sur deux scénarios d'émission de carbone et 
deux modèles de climat pour les années 2050 et 2070 
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Il restera à étudier comment ces évènements impacteront la diversité phylogénétique du 
genre (Faith, 1992; Pellens & Grandcolas, 2015). Si les espèces qui sont au Nordeste (i.e. M. 
itabuna, M. itubera, M. sagittata et M. sp 9) ont des aires de répartition aussi petites qu’elles sont 
inférées à partir des modélisations sur les données existantes, il est fort possible que l’espèce sœur 
des autres Monastria soit très menacée, ce qui amènerait à une grande perte dans l’histoire 
évolutive de ce genre.  
La thèse a donc révisé et augmenté un corpus de connaissances taxonomiques à la suite 
d’un indispensable échantillonnage de terrain.  Du fait de la redéfinition des espèces, cette révision 
a permis de mobiliser toutes les données actuellement disponibles sur le genre étudié dans les 
collections, et de montrer quels sont à la fois les forces et les défauts de l’utilisation d’un tel lot de 
données. Le présent travail fait donc le lien entre les nécessités incontournables dans l’étude de la 
biodiversité, celles pratiquées depuis longtemps - études systématiques et échantillonnages ciblés - 
et celles à venir dans un monde numérique, - mobilisation des données disponibles. Il permet 
également de donner un aperçu de la diversité et de la complexité d’un point sensible de 
biodiversité - la forêt atlantique brésilienne - dont le futur apparaît malheureusement bien sombre 
dans le contexte des changements globaux. 
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